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ABSTRACT 

The small college computer center's problems — sources 
and types of service, programing support and faculty development, 
administrative and academic interfaces^ computer science and computer 
center interfaces, computer center policies, orientation and 
organization and services of users and groups — are generally 
individual, and any given problem will have many alternative 
solutions. This report of a symposium on small college computer 
centers presents papers and addresses which are oriented around this 
theme^ with each set of papers being presented according to one of 
the problems listed above* In addition, the symposium^s prograic^ an 
introduction to the symposium, and its keynote address are included, 
(Author/SH) 
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This ToLuse contains the papers presented at the SIGUCC Sysposiua on the Adiiinistration and 
HanagAment of Ssall-College Cosputing Centers held at the Sherr^ton Biltteore Hotal, Xtlanta, Georgia, 
June 9-10, 1972. 

Though the aaterial presented h^'re ioes not represent a klueprint for succ<?ss£ul operation of a 
saall college computer center, careful study of the papers will reveal many solutions to problcas 
aost directors face, h unique feature of this volume is that the problems an^ solutions are given 
by people who hare been there. For the nost part the naterial does not represeat philosophic views 
of individuals looking down fron on high. 

hs in any neeting there are aany acknovledgnents that need to be given; to the SIGUCC Officers 
and especially Soruon Sherman for encouraging the creation of the meeting; to R« Waldo Roth and 
George Heller for their service on the planning committee; to John Hamblen for handling local 
arrange Bents; and, of course to the speakers and attendees without whose assistance the meeting 
could never have been held. 
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THE COMPUTING CENTER AT THE SM AtL-COLLEGE : THE SENSE OF THE MEETING 



Gerald L* Engol 
Pennsylvania State University 



The forces have net; th^y have agreed they have problems; they will aeet again. 

Such is the sense of most meetings and indeed this one was no exception, what vas an exception 
vas that some fifty Individuals with the conmon experience of running stsall computer centers on 
small budgets got together to coapare notes. This was a meeting of those who had been through it, 
and those that are in it, not a meeting of high beliefs of how things should be. 

In >y opening reoarKs as Symposium Chairman, I characterized the small college computer center 
director as part teacher, part registrar, part dean, part business manager, part janitor, and part, 
football coach. Nothing I heard in Atlanta changed my mind on this, and instead my respect for 
these individuals, who will give so much time of themselves to bring adequate computing services to) 
their caB{*ises, is justified, / 

What did we discuss? The topics were 

Sources and Types of Service 
Progranioing Support and Faculty Development 
Admin istrat ive/Academ ic, iTiterf ace 
Computer Science/Computer Center Interface 
Computer Center Policy' 

Orientation and Organization 3ind Services of Users and Groups. 

J 

What did we learn? That given any problem there are many possible answers. 

But to characterize the meetings by the sessions and the speakers is a mistake. The heart of 
the meeting was the contact with people with the same problems, it was the swapping of programs and 
materials that went on after the formal sessions had concluded. It was the knowledge of sources of 
aid that could be called on when problems ccme up in the future. 

All types of schools with all types of facilities were represented. The common bond was that 
they had not had a forum for airing their views. 

If there was a common ground, in a sense, to the meeting it was this. The small college 
computer center is a very individual beast. There are no magic formulae that will solve all the 
problems associated with its operation^ Instead as many alternatives as possible must be considered 
and from these the best choice must be selected. 

From my experiences at the meeting, l am convinced that the small schools have the people that 
make t^e best choices of alternatives, and it is ay hope that this meeting, and future ones like it^ 
will prove to be the place where the alternatives are presented and discussed. 
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INTHODUCTION TO TliE SYMPOSIUM 



COMPUTER SCIENCE AND SMALLER COLLEGES 

prASton c* Hantter 
Chairman, Conput^-'r Science Dc-partnent 
Pennsylvania State University 

Of the many problems facing snallor colleges, the »ost difficult may well bp the selection of a 
philosophy adequate for these changing times, while financial ^ii f f icult ies cannot be disregarded, 
these are protably easier to understated than it is to provide educational opportunities which 
attract students. I havo in the course of the past twelve years visited over 100 colleges. In many 
of these I was asked what the college should do about the hyperactive computing field which was 
custonarily regarded as a threat by the mathematics faculty. The major handicao seemed to be in the 
interpretation of the role which computer science education might conceivably have in a liberal arts 
college . The inter pre ta t ions of computer science amountea to regarding it as vocational training 
rather than as a possibly vital cooponent of a liberal arts education. Being a graduate of a 
liberal arts college myself, 1 have some idea of the ideals which such colleges have. I shall 
accordingly adiress myself to the roles which coaputers and computer science might play in colleges 
and, conversely, what the colleges may contribute to this new area. 

COMPUTER SCIENCE AND RATIONALITY. 

Modern electronic computers arer time amplifiers. They are, in common with all our tools, 
extenders of our capabilities. Where they differ from such scientific apparatus as microscopes, 
telescopes (spa::e amplifiers),^ accelerators, and other gear is in the universality of their 
applicability. In virtually every area of organized human activity there are at least some few 
individuals making use o£ computers. Applications are being made in health services, natural 
sciences, engineering, social sciences, architecture, fine arts, music, historical studies, 
businesses, governmental agencies, colleges and universities. In some of these applications 
computers do tasks which could be done manually but, in the best applications, tacko are being done 
which were net possible before. 

The versatility of electronic computers is, in large measure, due to their incompleteness. 
That is, the computer enables a large number of specific tasks to be done by following instructions 
provided for it by people. Thus a computer is not simply one machine; it is a possibility of 
myriads of machines depending on the ingenuity of its human users for the effectiveness of the help 
it provides. 

The computer is best at repetitive tasks. It can carry out millions of arithmetic operations 
and make millions of decisions which it has been instructed to dc. it will also carry out 
manipulations with symbols with great speed when properly instructed. Accordingly the most used 
branch of mathematics, arithmetic, achieves vastly increased usefulness when computers do the work. 
Computers, when provided with proper software, can carry out formal differentiation better than 
humans. However, people have to do the planning and provide the software, even as other people had 
earlier designed, made, and distributed the hardware. 

The utilization of computers then requires study of stratfrgies to reduce classes of problems to 
cooputabili ty . For example, I have stated and proved a rather laro/=; number of theorems. if 
computers are to be used effectively in proving theorems, then a study must be made of the 
strategies and flows of proofs in each area where they are to be used. Now, on the working level, I 
might claim to know how to both generate and prove theorems. Yet I do not know a strategy of proof 
which I can convey to a computer. while workiTig on strategif.s of proof is a higher level of 
activity than proving theorems, this does not mean that individuals who try to mechanize proofs are 
somehow superior to *^hose vbo ably prove theorems. However, I anticipate that there will be some of 
the best mathematical minds of the future developed in the attempt. 

In some ways, the computer provides a means of separating the rational (i.e. co?(putable) from 
the irrational. Any process which wo comprehend thoroughly might be simulated in a computer, but 
those which we do not comprehend resist reduction to a computer. The problem of mechanical 
translation of languages was once deemed a matter of doing a rather moderate amount of work to 
achieve success. The attempts prove! that language is not that simple, and a new appreciation of 
linguistic structure has bp-en developed as a byproduct, it was once thought that computers would 
make great strides in meteorology possible. Today we must admit that the weather is too poorly 
understood and too complex to.be well predicted by any yet known means. 

The computers are poorly suited for r ecogn izing geometrical patterns. Biological problems are 
generally beyond their scope. It is easy to state medical problems for which solutions would be 
desirable which are simply too expensive to solve now. It is easy to give simple mathematical 
problems which would be beyond the reach of computers even though, in principle, they would so be 
managed* 

Thus the presence of a computer, which may be and has been used as a means of escaping the 
rigors of thinking, actually encourages greater use of the intellect by the promise of amplifying 
its product. 



There is scarcely a oiore rigid dlsciplino than programming for conputers. Very slight errors 
lead to completely erroneous results as thfi machines follow instructions exactly* One mathematical 
logician has pointed out that the discipline of programming is excellent preparation for study of 
logic. Ccnversely, a grasp of formal logic is a useful background for effective computer 
programming or computer design* 

To put this in the context of this paper, there is much in favor of having computer science in 
undergraduate programs in liberal arts colleges* 

COMPUTER LANGUAGES* 

Having be-3n responsible for the initiation of two coioput^^r science departments, and having a 
background in mathematics, I have mused on the necessity of establishing separate departments* The 
imofediate ntcessit^ aros's because? of the necessity of teaching computer languages and software 
design* In general* the electrical engineering departments do not teach non-engin -ering students, 
and the teaching of computer languages was placed or the same plane as teaching English* 
rtathematicians in universities, on the other hand, while accustomed to teaching service courses, 
generally would not take computer languages seriously* 

Accordingly it was necessary to start a new discipline* Almost everyone admits that the 
learning of foreign languages is best started when young. The same is true of computer languages* 
Whether the learning is fox the objective of a career in the computer profession or for applications 
in some area, developing real facility with computers requires more than casual efforts* 

Despite several sporadic efforts the computers have not yet been effectively vised in 
undergraduate education in courses in most areas* This is not because it would be ideally 
impossible to make use of computers, but because of the major revisions of courses whic^ would be 
needed* Wherever the computer is used effectively, a drastic revision of educational procedures is 
necessary* 

I think that liberal arts colleges could take the initiative in experimenting with educational 
uses of computers* This belief is founded on the dedication of faculty to education as compared to 
the research emphasis cf universities* 

Moreover, the cultural aspects of computers are- certainly more likely to be clarified and 
presented by scholarly educators rather than by technical research workers. 

PRACTICAL ASPECTS OF COMPUTER SCIENCE* 

While some colleges may not admit it, all colleges of which I know are basically career 
preparation oriented. Rare is the student these days who feels he or she can afford to ignore 
planning beyond the baccalaureate degree. Communication skills are acquired and communicating with 
computers is becoming increasingly useful* Among the sciences and mathematics there is no 
discipline which prepares a student for employment as well as computer science does at the 
baccalaureate Isvel, For almost all areas of graduate study and research, prior study of computers 
is an asset, with the possible exception of pure mathematics* 

Why is computer science so practical? Because, what a student learns in one or more courses is 
almost all used in any computer applications the student may later make. In contrast, how much of 
other courses really is that effective? 

THEORETICAL ASPECTS OF COMPUTER SCIENCE. 

The theories needed for the study of computer science are mathematical in aspect but the 
emphases are different* Constructive logic in general, recursive functions, and algebra structures 
of logic achieve a relevance in computer science which was not noted before* Arithmetic and algebra 
are essential* Automata theory and formal linguistics are defined axiomatically. Graph theory and 
combinatory analysis are of concern in analyzing algorithms and organizing programs. 

Row about such mathematical classics as geometry and calculus? Despite the tendency of many 
computer scientists to belittle these areas in favor of discrete mathematics, both are important in 
computer science* The calculus and analysis provide continuous models of real systems and 
continuous implication systems (logics) to deduce their implications. Since only a few of the 
practical problems of analysis are solvable effectively in closed form, numerical analysts replace 
continuous logics with discrete logics and enable more solutions via computers* Each real system as 
we idealize it is embedded in a four-dimensional space, hut usually the number of its parameters 
places it in a higher dimensional space* The forms and shapes of systems are usually represented 
geometrically. Hence cjeometry should not be ignored* 

However, does computer science actually need any but extant theories and interpretation of 
mathematics? The answer is that much important concepts, as that of function, take on new life and 
meaning in computer science* Toi example, I pointed out three yoars ago that the customary synonym 
"transformation", used for function, is better rc>placed by "transformer". This idea came to ae when 
I was interpr-^t ing a computer as a function which transforms input (program) into output, A 
computer is not a transformation of inputs; it is a transformer of inputs. 



This means that from elementary algebra on, identities have b^on misinterpreted in ma thenatics, 
' since they confuse the result with the process which produces the result. In computer science two 
algorithms which produce the same rc-cii^lts are not to ba regarded as equivalent completely! In other 
words, the distinction between a verb and the object in a sentence is relevant in coaputar science. 

It was in using so-called random nuaber sequf^nces in comput?,tion that 1 j*?lled ay conclusion 
that randonneso is nonsense^ which it in fact is. Horeover, I have recently written an essay on the 
relationships between algebraf5 and geometries. These relationships are necessary to computer 
science but have never been clarified in aathematics. Why are they necessary in computer science? 
Because each conputer has only a finite number of symbols available, and it is necessary to use 
these syBbol structures to represent systeas. But the language (cilgebra) of geometry is finite, and 
so is the language of analysis. It is more important in cotaputer science, then, to find out how 
these algebras vork, than it has been in mathematics. 

Now in »y estimate, the situation of computer science with respect to mathematics is that 
computer science is restoring the dynamic and culture-sensitive aspect which was disappearing from 
Bfitheaatics. it is much easier to use the cook-book formulas of calculus than it is to design 
effective programs for conputers. On the other hand, a thorough knowledge of mathematics is needed 
for many aspects of computer science. Small abstract systems may. be manipulated by computers in 
ways not possible by nan* Patterns in such systems are still hard to discern using computers. 
Finally, computer science provides one of the best, filters for current mathematical effectiveness; 
it shows the limits of our knowledge with disconcerting sharpness. 

COMCLOSION. 

Liberal arts colleges can do much to save computer science from becoming a merely technical 
specialized field. This capability rests, in part, on the usual dedication of scholar educators, 
and in part on the mental energies of the students. since the computers will enable new symbol 
structures, such structures may well be considered in liberal arts colleges. The research oriented 
college teacher may find that analysis of data, collection of data, and control of experiments can 
be helped by computers. However, such teachers should not be swayed toward trivial work, seduced by 
computers, but use computers to produce better results when it can be done. 
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KBYNOTE ADDR2SS 



THE COMPUTER CEllTER IN THE SWALL COLLEGE 



W. Taylor Reveley, President 
Hampden-Sydney College 



Hillian H. McBain engaged in a bit of crystal gazing as he contemplated the future of higher 
education in an article entitled "Educ-.tion Ex Hachiiia".^ His hero, Jack, marched to college; 
exchange''- a number of dollars for an egual number of tokens; selected the course he would study that 
day; and was assigned to an appropriate booth. There, after introducing hioself to the computer, he 
proceeded froo where last he had been in the course. 

The computer analyzed his performance ar.d set the pace for his further study. Jack placed a 
token in the proper slot, and the computer proceed3d to the next question. If he answered that 
question correctly his token was returned, and he deposited it again for the next question. when he 
did quite well on a series of questions. Jack received aiore tokens than he had deposited. Further, 
in addition to the '-jack-pot" incentive, he periodically received a special token permitting him to 
have an hour*s cojifsrence with the professor. The particularly able "Jack" could earn his way 
through college and also spend many hours in close discussion wirtJi hisrpr of essor . 

The author elaborates the educational advantages of such in3:tr uctxon : 



This Orwellian glimpse into the future probably does i!iore to frighten contemporary academicians 
with the spectre of blinking, whirling, giant-sized computers gradually engulfing the campus than it 
does to docUEant the educational validity of computer techniques. It is somewhat like the TV show 
which described the university computer in the hands of an unscrupulous but brilliant technician. 
Four students had manufactured an imaginary person complete with all necessary cre{^entials in order 
that they night use "his** credit card. The technician, in order to appropriate the identity of the 
person thus created, used the computer to murder three of them before his evil machinations were 
discovered and he was unmasked. 



I cite these two approaches to computers to illustrate academic and popular amazement, wonder, 
and, yes, even fear of the computer* Its voracious capacity to absorb data, rearrange the 
relationships of those bits of information, and regurgitate with split second timing vast quantities 
of hitherto inaccessible calculations and ccllationsi is enough to frighten the stoutest heart. The 
high priests who tend to its needs, constantly feeding its insatiable appetite for data and closely 
guarding its hoard of mystic knowledge, increase the mystery for the uninitiated and- extend the 
fears so that the very mention of the name "computer" strikes fear in the hearts of all who hear. 
Thus, when Hanpden-Sydney first secured a computer and that fact was proudly announced at the 
opening convocation, one student rushed to me quite perturbed. He did not want to have the college 
own a computer, for he felt that the long-cherished personal qualities of Hampden-Syndey » s 
educational pattern must inevitably be extinguished. 

Perhaps the most important aspect of the irrational fears aroused by the computer on campus is 
the witness of those fears to the tremendous importance of this new instrument of modern technology. 
To use the term "new" in describing the computer may seem strang»f. in the academic scene of 1972. 
Statistical analysis, suggests that at leant 2/3 of the colleges ana universities in the nation have 
some form of computing facility* A manua.l . prepared by the Association of American Colleges entitled 
"Does Every Campus Need a Computer?" seeks to inform the SEPall college of the virtues and vices of 
adding a computer to their program, it points to the fact that the ^'use of co.-3puters on the campus 
has passed the innovative and status phase. The larger universities are so committed to their use 
that they could not function v5.thout the assistance of computer programs. Many of the larger 
liberal arts colleges have now arrived at tha same position. "3 

Yet less than a decade ago a book, which was published in 1967 in fact, points proudly to the 
fact that "more than 1000 are installed on approximately 500 campuses".^ However, at that period 
curriculum offerings, although prcli ferati r*g rapidly, demonstrated "littl'^ uniformity of opinion as 
to what represents adequate academic training in compute-r or information service". ^ furthermore, 
"only a very few universities in the country ....h-av^ fncnlt.y m*=>Tibc rs prepared to teach in each of 
+ >><a|« areas, and are most fortunate if they can cover two or thre-^."^ Under the auspices of the 
Pi^Y^-remendous progress has been made in bringing curricula ordfvr out of the chaotic diversity of 



"The writing of a program forces upon an in^txuctor the necessity of logical 
development. The analysis of errors makes his la:ps:es self-evident, while the 
common discipline of rhis approach to instruction makes: comparable standards more 
likely. The classroom boredom as well as the frequent eubcsentee ism of the brighter 
student is reduced, as is the lagging and con^ quent bewilderment of the duller 
one. Indeed, there is some reason to believe that the laggard student is not more 
stupid, but only less quick* Failing the development of the long touted 'smart 
pill*, it may be that all students permitted to achieve at their own rate (a 
possibility nsver before realized in actuality) will eventually arrive at a higher 
plateau than previously believed possible. "2 




the earlier years of the 1960«s. Even so, the path of the small college in exploiting the acadeaic 
features of the computer continues to be obstructed by economic, organizational, and intellectual 
barriers. 

Let Be turn to a nore positive statement concerning the importance of the academic useis of the 
coaputer. One writer compared the cost of the computer operation to that of the library. He found 
that computer budgets in the institutions under survey amounted roughly to about one half the amount 
spent on library budgets,^ Another justified such an expenditure by pointing out that: 

"It is safe to predict that within the next ten years a major college or university 
vhich does not have adequate coaputer facilities will be considered as unattractive 
as a college without a lib£aiZ* • • On*? even begins to hear it said that in 
humanities and liberal arts programs there is a growing realization that the 
citizen of tomorrow had better know as n.uch as he can about computers."' 

That last comment strikes heme. For it suggests that computer science must appropriately find 
a place vithin the spectrum of tKe liberal arts. I sense the importance of this occurring not only 
for the integrity of the liberal (arts, but also for the integrity of, computer science. 

If the role of the liberal arts curriculum can be found in preserving the great ideas of 
mankind, in understanding man, in preserving his humaneness, then it must follow that a discipline 
which speaks a language open to all men, vhich forces men to respond with precision and clarity, 
which touches almost every other discipline, aust find a place in the liberal arts. It does not 
seem too extravagant a demand to insist that some awareness of the nature and function of computer 
science be a part of the -experience of any liberally educated man. Just to know that one is to 
return the strange looking card without punching, bending, or mutilating is not enough. 

By virtue of its impact on all other disciplines, computer science remains essentially a 
service discipline, and one of amazing proportions. Professor Richards describes this role well: 

"The outcomes of technological revolutions are probably unpredictable. Foresight, at 
least, was in short supply as to what would happen with each of the sudden unheralded 
accessions of power which have divided the last three centuries into periods more charged 
with hope and despair than even those marked by the coming of agriculture, m<=tallurgy, or 
writing. What was done with steam? With electricity? with the automobile? With radio 
and television? What has been done with the airplane? what is being done with nuclear 
resources and missile capacities? what is likely to be done with weather control? It is 
evident that immense transformations of human possibility that may look like blessings 
can come to seem more like afflictions. Why should we think that a means to the increase 
of human power, in many ways surpassing and transcending all of these togethecr will in 
fact be more intelligently, more humanely, and more wisely used? 

All the foregoing epochal steps may be regarded as extensions of familiar specific 
capabilities; steam replaced and transcended men's and horses' muscular energy as 
photography and telephony surpassed and extended the range of our distance receptors. 
So, more widely, did radio and television. But the offerings of the computer go beyond 
all such services; they extend the resources of the central nervous system itself. The 
computer can supply an inexhaustible slave service for whatever wa have the wits to 
instruct it to do. Suddenly, we have a Caliban-Ariel executive that will achieve for us 
all that we, in our wisdom or folly, can contrive to tell it how to handle. 



Someone will reply that computers, by taking immense intellectual burdens off our 
shoulders, will free us for precisely these tasks of ultimate choice, these legislative 
acts. We may hope so, while fearing that they will not. Almost all of us are products 
of the assistance we can accept. Equally, we are potential victims of those who, for 
whatever motives, would like to run things for us. Like all power sources, the computer 
is not going to lessen our responsibilities but to increase thein."^ 

Because the computer performs primarily as a servant to knowledge rnther than a creator to 
knowledge, the chief academic function of the computer center must consist in preparing the way for 
other disciplines to achieve new and hitherto impossible advances. The role of servant in this 
sense represents no mean calling. Indeed, the computer programmer must needs be, or soon become, a 
liberally educated man if he is to fulfill th-3 promise of his position in melding the language of 
the coaputer with the language of each of a wide variety of disciplines. 

Professor Roberts selects another but not too dissimilar analogy to describe this relationship 
between the computer expert and those with whom he is associated. The programmer is like Plato's 
guardian who has come out of the cave, where men are subject to the illusion thit shadows playing on 
the cave wall are true reality, and has reached the bright sunlight of reason wherein the nature of 
true reality can be observed. Now he, the guardian, must enter the cave and seek to instruct those 
who nistake shadows for reality. »o 



This is heady business enlightening the enlightened! The computer programmer must not fall 
^ 0 an overweaning confidence in the ultimate absoluteness of his position any more than he can 



permit the tenacious proclivity of most profesf^ors to resist any change which forces thon to 
reevaluate the entire base of their approach to the data of their discipline. renains a s<^cvant. 

But it is not a service to the illusions of even a learn*^d person's opinion. Father his is a 
service to the quest for truth. To that quest, in whatffver discipline involved^ he brings a tool 
possessing vast capabilities to extend the reach of human thought. The computer prograamer more 
often than not will meet initial resistance to his efforts to serve, and must be sufficiently 
knowledgeable and persuasive to convince the nost tin.id of the seekers after truth. 

To have argued for the imperative of a service role in computer science in the liberal arts 
college by no maans is to deny the validity of computer science a.s a discipline in itself. In point 
of fact, that validity has never been in question. The problem inst*rad has b^en the danger of 
becoming so enaaored with the discipline that the service role has been ignored. This is why 
computer science needs the liberal arts ccllege. This is why such colleges must look with careful 
concern before instituting a department of computer ccienc<=. It becomes enticingly easy for the 
nembers of the computer science operation t ^ be absorbed with jui>t the exciting possibilities of the 
field itself and with those students who share their interests. Important as this absorption nay be 
in the large ur.iversity for the progress of- the discipline, it should not, even there, encompass the 
entire attention of the computer center. In the small liberal arts college, where demands of 
econcmy restrict the number of computer personnel, the service aspect must take precedence. 

Organizationally care must be taken to assure that the overall direction of the computer 
program remains in the hands of a person with a commitment to the liberal arts. In general, 
although not always in particular, the achievement of this organizational goal means that the 
director of the center should not be at the same time the primary professor of computer science. 

Probably, withholding the establishment of departments of computer science can not be long 
continued; but when necessity or wisdcm force the establishment of the department, it should be 
because the service aspect of the computer has become so strongly established that other departments 
ate demanding greater sophistication in the training given on the campus. The demands of graduate 
schools for better prepared students will also push the college in the sane direction. 

Earlier reference has been made to the amount of the educational and general budget which can 
appropriately be assigned to the computer operation; namely, one half of the amount spent on the 
operation of the library. In the manual "Does Every Campus Need a Computer?" (p. 16) a survey is 
reported which indicated that in some instances cost ran as high as 5*% of the educational and 
general expenditures. Although it was quickly added that "colleges now above the 5% level should be 
sure they are getting enough from their computer activity to justify the apparently excessive cost." 
When one recognizes that the approved percentage for library costs in the southern Association is 
only 556, the wisdom of the warning seems quite realistic. 

However, when one speaks of 2 ^/2% or S% of the educational and general budget, the moii»<^nt of 
truth has come. It just does not make sense to embark on a program involving a computer until the 
college stands ready to make a substantial commitment of its resources to th undertaking. And 
having once begun the operation, there can be no turning back the ccots without fata/iy harming ^he 
program. While no statistics have coiae to my attention, and possibly because no statistics have 
been widely circulated, it seems likely that very few colleges have instituted computer service and 
then withdrawn from the program — another witness to the effectiveness of the program on the 
educational process. 

The problem arises in a different way. Seldom will the question be "shall we close the 
computer center?". Annually it will take the form of "Why can we not make our program more 
sophisticated?". To do so, a memorandum from the computer center will succinctly explain, requires 
only the substitution of a two-disk drive for the present single disk currently used. This will cut 
operational time in half (from C seconds to 3 seconds) and it will also make it possible to lease a 
different printer operating at quadruple the speed of the printer now in operation. The cost will 
be only $700 — a month, that is. 

Parenthetically, I have always had a harsh feeling for the manner leasing prices are quoted. 
$700 doesn't sound so terrible until stuck beside "per month". Of course, no one will or can rent 
the machine for only a month, or even 9 months. It has to be a year. There seems to be far less 
intent to deceive in the straightforward price of $^,^00 annually. For the average small college 
computer budget ($uo,000) that means a 20% increase in cost! And that when faculty salaries 
struggle to »ake 5% and everything else is being reduced or held steady at best! 

The terrible part about th« memorandum from the computer center is that it is undoubtedly 
correct. The level of usage, qualitatively at least, has reached that sophistication which makes 
the present operation woefully inadequate. New users and creative prcgraras are crying for equipment 
sufficient for their mass and complexity. 

In most cases the answer to the memorandum cogently outlining the computer center needs will be 
negative. This denial will bear no malice; nor will it refl»2Ct a frightened and suspicious attitu<5ci 
on the part of the dean, the business manager or the president. It will simply reflect the fact 
that there are no priorities for increased expenditures in most small college budgets; and even 
where possibilities for increases do exist, they will seldom arrive in 20% patterns, 
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I speak of such dismal realities not to discourage but to encouraqe you. Tho president may 
indeed be an irascible^ short-sight^rd obstructionist; certainly thes*? are recognizable adjectives in 
every president's experience. No doubt they frequently ring «irh truth* when, howpv<9r, the 
coBputet center cooes for decision, there are few presidents (the colleges of the few are probably 
deep in debt and running a deficit) who will not feel a strong comoitoent to support and strengthen 
the operation of the coaputer center. 



In those colleges where funds could be made available and where the adainist r at ion has a strong 
coBnitaent to the conputer program, the battle is only half wen. The second part of victory must be 
*on in the coapviter center. There the f unctioual operatioi^ of thQ c^5^ter avist enibrace the pvirposes 
of the college and the purposes of the coaputer department if they differ. This embrace is no 
private affair but must be publicly made and draw all of the college academic coristitu^-ncy to share 
in the embrace, at least all wVio will* In short p the computer progra© can be no esoteric exercise 
for the initiated few who will spend long hours pursuing personal fancies and racking up "conput^.r 
usage" points for later reports. 

The last part of the victory to be won in the center itseK is the quality of the nenoranduo. 
Hose college deans and presidents have sought to acquaint themsf?lves with th-e functions of the 
coaputer and BOHt of them have been unsuccessful I Still, even in such an uninformed state it is 
not difficult to distinguish a carefully planned nenoran d un from an inadequately conceived one. The 
need must be documented it is net enough to say a new gadget has come out and the computer staff 
wishes to experiment with it! The cost must be analyzed to dedonstrate that the proposal made 
represents the most efficient use of the college's money. The persuasive line of one able salesman 
nay have sold the computer director* but it is not enough to convince any tough minded 'business 
nanager. When all of this has been done and the money is available, chances of success are high. 
However, should a negative response still be given, one more gambit remains to be played. 

Correctly administered, the cc !ter center becomes a strong power center on campus. The 
conputer director can issue order;:: to even the most revered of professors. If adjninistrati ve work 
falls within his purview, he c^n bosr- everyone on the staff. Naturally, then, the administrators 
harbor a sneaking suspicion that the power displays in the computer center represent more than 
judicious and objective utilization of powar. "Empire building" justly represents a dangerous 
threat, especially on a small college campus, since empires on a campus are no less bellicose than 
those which keep the world in almost constant strife. If the annual expansion memorandum has been 
turned down, the smart computer center operator beats the administration to the next tactical 
maneuver. He suggests the need for an objective consultant to be brought in from outside. His 
presence and his report can remove the suspicion of a power play and can also give the 
administration something to wave in front of the finance committee of the board. 

I have not spoken of and will not speak at any length about administrative use of computers. 
Acknowledgedly , such use does not save money either. It can give the extra precision and 
information in many areas. In some others, manual operation continues to remain the most effective. 



*McBain, William N. , "Education Ex Machina", Liberal Hducation, Vol. LV, No. December 1969. 
pp. a97-50a. 

^Ihi^f 503. 

'Association of American Colleges, Does Every College Need a Computer?, 197 1, p. 2 

♦Bashnell, Don D. and Mien, Dwight W., Editors, The Comguter in American Idncation, New Ifork: 
John Hiley 8 Sons, 1965, p. 156. 

«lbid, p. 157 

•I^id, p. 159 

^IfeiSf 157 

•Ibii, p. 220 

•^bid, p. xvii-xviii 

*®Ibidr p. xxvii 
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THE SMALL COMPUTER; PRO AND CON 



Aaron Konstaa 
Tha Lindenwood Colleges 
St • Charles, Missouri 



1 . IJiTPQDUCTION 

A university computing center is unique in the diversity of users it supports. It jrust serve 
the research and instructional needs of the faculty as well as the In^oriaation processing needs of 
the college administrators. Each type of user makes different demands on a computer installation, 
and for each typ^ of user a different computer system would be best suited. To a faculty oeaher, 
easy access to the computer by means of terminals and time sharing would be far more desirable than 
faster memory cycle time or speed of input-output- Administrators would shutter at being required 
to transfer iaforaiation in and out of a computer at terminal speeds, Fow comtnercial computer 
service bureaus are faced witn users less compatible from a computer service point of view. These 
incompatibilities, as well as the companion problem of service priorities, are continually plaguing 
the university computer center. 

The computer center director faced with this diversity of needs is continually P<^rforning his 
juggling act of services so as to offend the fewest people, and periodically he is confronted with 
the problem of choosing equipment to optimize his services. In this paper we discuss the advantages 
and disadvantages of the use of a small computer to handle the diverse needs present in the college 
environment. In particular, we will treat the question of the use of a small computer to meet the 
computing needs of the small liberal arts college. 



2 . IfiB^SJI ALL^COUPUTER 

At this point t^e question arises of woat is meant by a small computer. At the Lindenwood 
Colleges the small ccmpulcr is an IBM 1130 Model 23, with 8K of memory, one disk drive, a 1132 line 
printer and a lau2 card reader/punch. More generally^ we will be speaking of computers that operate 
mainly as dedicated, stand-alone systems rather than those being accessed remotely and supporting 
time-sharing systems; those that have simple disk or magnetic tape monitor systems but do not 
support a large number of input-output units. We mean those that are neither minicomputers on one 
end of thfe spectrum nor large number crunchers capable of multipr ocesf^ing or multi programming at the 
other end of the spectrum. 

In subsequent sections of this paper ve will discuss the pe^rformance of small computer systems 
of this type from a number of points of view. 

2 • 1 S geed 

A seemingly obvious performance criteria for a computer system is the measurement of the 
speed with which a particular job can be carried out. The use of this criteria to compare 
computer systems is fraught with problems stemming from our inability to define a universally 
useful method of measuring the relevant time periods. To illustrate this difficulty, consider 
the following relevant time measures: access time, turn around time^^ and potential for run 
time optimization. Let us consider each of these time measures in turn. 

2.1.1 Access^T ime 

This is the time which elapses between the instant at which t! user decides to place a 
job into the computer and the instant at which the job actually enters the computer. ftany 

users consider this time period to be the most critical. These users are mainly those whose 

job production is sporadic and possibly tied to their creative output, e.g,, the researcher who 

wants to use the computer to check out an idea he has but does not want to wait a day or more 
before he can submit his job. 

For this type of user, the small dedicated computer system, especially if it is heavily 
used, has serious disadvantages. He may get to the conputer center and find that the only time 
the coiputer is free is next week on Wednesday between 3:00 and 3:30 a.m. At that point our 
user is likely to get discouraged or lock for seme other o<rans for getting his job done. The 
ideal system for this type of person is a time or remote- job-entry system where terminals are 
accessible at strategic locations throughout the college or university as needed* It should be 
nade clear that such a user night be quite happy to wait overnight for his results, but not to 
wait several days to gain access to the system. 

It is true that there are seme small computer systems, such as the PDP 12, which can 
support remote job entry and/or time-sharing. Use of such systems, however, greatly increases 
the cost of the basic equipment. 

From the point of view of the computer center staff, access time is directly related to 
program through-put volume. On a saali dedicated computer an appreciable amount of tine is 
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wast€d by the user who signj; up for 30 minutf^o to r ur; a ono minute job, Tirao is also wasted by 
the user who spends a large fr.iction of the timo nhat the rcmputer is doiicatcd to hiu use 
deciding what to do next. If a high voIuiq^* of thiroug ii-put is needed, the hands-on approach to 
computor usage becomes unfeasible, 

2.1.2 Turn-around^Tioe 

Here ve are talking about the time elapsed froos the instant when the job goes into the* 
systeo to the instant when the results are printed by 1:h<= systoic. This time depends, of 
course, on the number of jobs being run by the system at that nomcnt, the operating system 
used, the priority system for running jobs, and the interndl speed of t.ho? coraputtr used. These 
times are especially critical in instructional uses of the computer. The numbrrr of computer 
jobs which can be run during a class hour can be thcr crucial factor, in many cases, in 
determining the success or failure of the use of the computer in that cl^ss. For example, ve 
use our computer in conjunction with a calculus class in such a way that a student introduces a 
function into the computer which the machine then plots. The stuient can th-3n change the 
function or change the parameters in the original function and see the effect on tho plot. For 
the proper interaction between the student and the computer to occur, it is necessary for the 
response of the computer to be almost instantaneous, A slower response would lead to a loss of 
interest on the part of many students. 

If this measure of computer speed is used, the small dedicated computer system can 
compete vith even the biggest systems. If the machine is dedicated to a job and the problem 
tackled is not too formidable, the response times of the small systems are more than adequate. 
To illustrate, the solution of the well known Instant Insanity game typically takes 10-20 
seconds of CPU time for a student- written PL/1 program on the 360/50, A similar program 
written in FORTRAN might take ^^0 seconds on the 1130, However, it should be clear that on the 
1130 the time mentioned is actually the turn-around time for ^.hat job. The student user of the 
360/50 at a neighboring college in St. Louis would probably wait minutts, if not hours, before 
he could get his results. In the latter case the turn around time would d=?pend on the usage of 
the 360 at the tiice the job was submitted. Turn-around time on thQ larger system is more 
unpredictable and this, of course, might be considered a disadvantage of l^.arger systems. 

One sees, then, that machines with higher internal speeds may have slower turn-around 
times for particular jobs. And it is the turn-around time and net the CPU speed that most 
users are concerned about. 

2.1.3 Potentia l_f or_Run-Ti me_0£timi 

Here we are talking not about an elapsed time which is used up in running a program, but 
rather about the potential for saving run time by using a particular computer system which 
supports a given set of programming languages. In many instances the best computer system for 
a given user environjent is the one which supports the languages which minimize the users* 
progtamming time as veil as rMnning tiroe. 

*. business user will not want to program in stant'-ard FORTRAN and, conversely, the 
numerical problem solver will not want to use COBOL, The user interested in string processing 
will want a language morp suited tc him. Considering elapsed time exclusively, it is clear 
th?.t there is an appreciable saving in programmirg and running time for the user if the 
u'omputer system supports a language well suited for his type of problpm. Furthermore, if the 
best language for the job is not clear a B^iori, the useL taight well expect that the computer 
center will make available to him a selection of languages representing current programming 
technology for him to try. 

A dramatic illustration of the relationship of languag*:? systems used to running time is 
given in the following example. On the 1130 the solutions to the Instant Insanity game take 
approximately 2-3 hours when programmed in SL 1 (an interpretive lanijuaqe similar to Pl/T 
written by IBM for the 1130) , a day or more when programmed in 1PL, and UO seconds when 
progracmed in FORTRAN. 

In general, large computer systems support the widest variety of computer languages, but 
there are a number of small computer syr-tems that are al*;o quite good in this regard. The 
availability, for exam^'l^, of FORTRAN, COPOt, SL1, and kPL on the 1130 are enough to service 
the needs of the vast majority of users. 

2.2. The^Smal l_Ccmnu ter_As_A_p£dagggi c^ 

Since one of the major functions of college?, and universities is the education of 
students, it sef?ms proper to investigate tho efficacy of using the swall «tand-alone computer 
as a pedagogical tool. 

tfe have found that a small computer syr;tem gives tho b'-^ginning student a b^^tter initial 
experience with computers than its giant relatives. Many of the liberal artrj ori^^-ntod students 
who take our beginning computer courses are apprehonsivo abcut machines in general and, in 
particular, about so-called "thinking machines", Such "Students, we havi? found , can best be 
convinced to use computers as pact of their learning exfjcrience if they are first introduced to 
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then through the u.<=;e of a machine small enouqh nr.d acc^s^ible '^ncugh th^^t th'i r^tudent fe^ls 
confident he can master it.s use* In addition, if the cachinc is operat^^d or an op^n-sfiop basis 
the student receives the reinforcement of obtaining iomodi^ite cocults from the jobs he submits. 

As was noted previously, one cf the problems of using the small machine is the 
unavailability of the wider spectr;i;B cf software- accessible cn larger inachir.<=»s. From a 
pedagogical point of view, it would be desirabl*:- to have avail.ible to the student, for example, 
a variety of types of pr ograftioi ir.g languages repr'=:-senting the state of the art in the fic-ld. 
There are available for th^ 1130, cocpi l-*? ri: and inter pr^t-rirs for a nua-ier of languages even 
though vha*. is available is ly a subs-^-.t of the langaag^ with the saprr naji e found on larger 
conputer systen^s. In recent months string eind list-proc-^srifjg Ian gua (j"'-s have also become 
available for th65ie scialler machines. ThiL software is certainly adequate fer the purpose of 
acquainting studeits with the rudiments of ti.«se languages. 

For th'^ computer science stadent one ibu:^ be conc-^rned with the adequacy of a coaiputer 
system for teaching machine and assembler language::;, in this pedagogical area the small stand- 
alone computer offers some real advantages, its machine and as.sembler languages are simpler 
and, therefore, mere understandable to the beginning student. The cor r^ispond ing languages on 
the bigger machines are much too complex to use, .^s such, in introductory courses, so the 
instructor must he content with using only a subset of the languages or a simulator of some 
simpler lower-level language. 

The small dedicated computer with its small turn-arourid time gives the beginning student 
the immediate reinforcement he often needs when programming in machine or assembler languages. 
In as much as it is possible to simulate simpler machines cn more complex machines, these 
advantages can, in principle, be made available on bigger machines, but not necessarily at the 
same cost per student. 

Another advantage of a small computer as a teaching tool results directly from its small 
core size. This condition brings with it the necessivy for optimization of source and object 
code as i fact cf li::e. Although the same concepts could be introduced on larger machines by 
using properly sized workspaces as there are in APL, the limitations seem more arbitrary to the 
student. To give the student the impression that core is limitless ar,^ optitniring code is a 
waste of time is doing a serious disservice to the student. A small system such as the 1130, 
which allows linking and overlaying of programs, gives even the advanced student the option of 
writing programs which are reasonably complex without learning sloppy programming habits. 

In short, the small computer evidences several pedagogical advantages for the beginning 
student at a sicall college. The disadvantages shov up whe;: students are advsnced enough to 
need the languages, speed, or space only available on larger irachines. in addition, we have 
assumed that the student generated usage is small enough that we can affor^i to have hands-on 
usage with its associated smaller turn-around time, if .such usage rises above a critical point 
it becomes necessary to run the system in batch mode or go to a time share:! system. This, of 
course, obviates some of the advantages described abovo, as well as adding to the cost of 
running the system, since it necessitates adding more personnel and equipment. 

2.3. Qperat ing_S^st em 

One of the facts of life at a small academic institution is that the computer center is 
often a one man operation, especially at the beginning. This means that this one staff member, 
possibly with the help of a part-time secretary and some student assistants, must do all of the 
administration cf the computer center while at the same time teaching some programming courses. 
All of the ordering, scheduling, software production, and software and hardware maintenance 
must be done by this same limited s+'uff- 

Therefore, the small college computer center ideally should use a computer system which 
is as fcolproof as possible and easy to naintain. Under the hands-on policy we use at the 
Lindenwood Colleges it is desirable to fce able to have even non-majors in computer science use 
the machine with a minimum of prior instruction, free cf the fear that they will ruin the 
system. \ 

The smail stand alone computer is ideal for this kind of usage. The equipment involved 
is easy to use and the monitor control language is easy to master. In two years of constant 
use, our system has rarely been damaged or even shut down because of the incorrect action of a 
novice user. The major danger to the system from the user comes rather from the advanced 
student who tries to trick the system into doing something its designers never even dreamed 
about. But in our experience oven in these cases thp re£;'Jlting systen<s problems are minor. 
The computer center staffs in charge of larger p^achines with thc-ir much more complicated 
operating systems and monitor control languages would hesitate to give users this kind of 
f reedon . 
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2. a. gost 

In the previous discussion several advantages of the small stand-alone system have been 
Bentioned. But in thesf? days of financial pir*ch it ir. the rolatively low cost of a number of 
S0all systems on the market that tend to make theso syst»>m3 sc popular. A small college can 
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add a versatile computer system to its facilitio^s for a rental of about $15 , 0 00-^20,000 a yf>ar 
(or cheaper if they want to purchase usc-d oquioacnt anti pay cnly for tua i n t«^nanc e) . At this 
price they can get a system which can support conput<^r science courses, a variety of 
administrative uses, and other instructional and reLearch n^-eds of the institution. Such a 
systea does not give one the versatility of an IBM 360 or a CDC 6600 but ^he diff<^rence in cost 
is foraidable. 

AS is clear to computer center directors but r.ot always clear <at least initially) 
college administrators, the cost of a computer center does not stop at the rental or purchase 
of the CDfDputing equipment itself. Peripheral and support equipment (k<^ypunch machines, 
sorters, cabinets, etc.) and additional staff tend to incr€ase the cost jnarkedly. Most snail 
colleges cannot afford the large staff cost and equipment costs necessary to keep a large 
computer center operating. 

3 • EE^IONA t-_C0J1PUTING_CENTE PS 

One of the suggestions being made to attain the best of both worlds (rarely, to have access to 
large computers at low cost) is the development of Regional Computer Centers. Under such a plan a 
large computer center, preferably at a university, supplies computer power for surrounding smaller 
schools through terminals* 

It might appear that many schools would find this to be the only way they can have access to a 
computer system at a price they can afford. But more often a small computer system can be obtained 
at the same cost. Using a small in-house system as an alternative to participating in a regional 
computer systeiu has the added administrative advantage that the college which owns or rent.s the 
system has overriding control over its use. A remote computer system is usable only at the times 
and in the manner dictated by the seller of the computer service. The individual institutions must 
decide, obviously, whether the advantages of a remote system outweigh its disadvantages. 

It should be pointed out that thftre are computer systems which are capable of operating both as 

a dedicated stand-alone system and as a terminal for remote entry to a larger system. The cost of 

using the system in both modes is cf course higher than either the cost of a terminal or of a stand 
alone system. 

U . SU M H AR Y 

The snail stand alone computer system has a number of advantages in the academic environment, 
the principal one being that such a system evif^ences considerable versatility at low cost.. 

'\ 

On such ^ system, the turn around time is short, making it ideal for applications where 
immediate responses are desirable. Such responst? is especially desirable for pedagogical purposes 
where the students need the reinforcement of not having to wait for extended periods of jlime to find 
out whether or not their program has run successfully* § 

Smaller machines are easier to use in teaching machine and assembler languages, bo^h because 
these languages are simpler on the smaller machines and again because of the reinforcement provided 
the student by immediate response. 

The small computer introduces the student naturally to the concepts of source and object code 
optim.iza tion • 

■^he smaller machines are easier to operate and maintain with the necessarily smaller compute 
cente:: staffs at small schools. 

The disadvantages of small machines lie first in the potisibly Icnger access time and lower 
throcgh-put rate which they provide relative to the bigger systems. 

Second, they provide limited space in core for running large jobs quickly. in order for largo 
jobs to be run on the small systems they must be broken up and run in parts, which may greatly 
increase the run tiae. 

The saaller systems provide less variety of software support for the user. It should be noted^ 
hovever, that snail systems presently on the market provide adequate suppcrt for most of the needs 
of a small college or university. 

Our experience leads us to believe that for academic institutions of up to 1200 students the 
small stand-alone computer system may be the cheapest and most efficient vehicle for bringing 
computer facilities to the campus. 
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INSTITUTE FOR EDUCATIONAL CCHfUTING 



Fr€rd Weingarten 
The Claremont Colleges 



The Inrstltute for F'iucational Computing of the Claremont Colle^jes provides timprharinq £<^rvic*rs 
▼ ia a OECsystemlO (fororirly known as a PDP-lO) computorr to ccll€:goG f\nd high schools throughout the 
grfat^ir Los Angeles area. Operating as a non-profit service or gar.i2a tion , the lEC is owned by the 
Claremont University Center, the central corporat-3 body for the group. The hardware link within 
this network serves as the basis for a cooperative progran between lEC and the academic communities 
it serves* 

The network provides on-line s<?rvice to 13 colleges, including the Claremont group, A research 
hcspitalf a junior college and three high schools are also tied into lEC, The nearest user is at 
our o**n facility, the furthest is 00 miles away. The terminals, numbering frcji one to six per 
campus, are used both for academic and administrative applications, although educational ase 
predominates by far. 

This type of use requires that lEC serve as a ce-nter for faculty education, software and 
Curriculum development, and as a repository cf information about academic applications of computers 
in ail disciplines. in this role, lEC offers its subscribers a wide variety of acad<?mic computer 
servic*?s. 

Since education of the using community is its primary concern, the lEC provides its subfscribers 
with a wide variety of academic computing services in addition to the sale of computer time. 
Schools participating in the lEC's timesharing system receive the services of consulting "circuit 
riders", monthly newsletters, short courses conducted both at the lEC and at off-campus terminal 
locations, and access to the library of acadeiric software collected and documented by the Institute, 
The circuit riders are lEC consultants, whose purpose is to provide on-site consulting for the user, 
to develop small applications programs for him, to teach introductory seminars or programming 
classes* and to perform minor maintenance and supplying of our terminals. Their time is distributed 
among these functions as the customer institution sees fit. 

The lEC maintains a large library cf academic software to support the needs of users in the 
humanities, social sciences, econoinics, mathematics, education, psychology, and physical sciences. 
Programs and applications develop»^d at schools both within the timesharing network and without, are 
collected, tested, documented, and disseminated by the center. Thus a cooperative exchange of 
computing expertise, currif:ulum development, and educational applications is encouraged aiiong the 
P,artici pati ng institutions, 

Develo£ment_of_lEC 

Two years ago the Claremont Colleges faced a problem characteristic of one facing many 
institutions cf higher education, that of answering the growing need for on-line computing service 
for their students and faculty. For the pi.c'ieding year, tho colleges haa had a few terminals to a 
Caltech DECsystemlO about 25 miles aw^y, ^^lihough the service was beset with communication 
difficulties, enough experience way gained to convince the faculty that the on-line terminal was a 
valuable educational tool. The need for on-line service could not be met by expansion of existing 
facilities, which included an IBM 360/40 and an IBM 1130, The 360/40, on the Pomona College campus, 
was becoming saturated with administrative and other large batch work. The 1130 was usod primarily 
by students and faculty in open-shop mode. 

We set several constraints when groping for a mechanism for supplying our computing needs: 

On-line timesharing service is ne::essary. It was felt from observing the itnpact at Dartmouth 
and other colleges that th9 educational impact of timt^sharing was significant. At the same 
time, research institutions such as the C=ilifornia Institute of Technology, the Massachusetts 
Institute of Technology, and tho Brockings Institute (a private social science research 
institute) were also using timesharing systems in research en vircntcents. 

The system had to provide reasonable S^ii'lSitv, Patted on early assumptions that educational 
computing meant writing little programs, many people are looking at mini-computer timesharing 
systems. We rejected that approach because of car feeling that educational computing is not 
trivial computing, 

A cooperative aEI2£Qich was necessary to afford the te*:ources w« needed • No single college of 
the Claremont group could, its.^lf, support an on-line- computer system. Even if funds could bo 
found, the narginal vitility of such a large amount would be greater if spent on a broader 
spectrum of institutional needs. 

In a cooperative approach, the d i2tribut^.j[ cgrts mM^t he dirvctly^ and vinihlv attributable to 
l§L£\i £il£29.EZ 2^ §flIXi£S* This lesson has be»>n painfully "learned by the colleges over their 
history of cooperation in many fields, since there is, theoretically at least, a benefit to 
cooperation, that benefit r-iist always be as apparent as possible to "the participating 
institutions. 
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5) EXuSHSiXi ^^^L sun^ort ifs nf-cessary. Since tho colleg<^5 were embarking on an intrinsically 
expensive venturej even with shared costs, it was detiim<=d necessary to insure that the services 
vere used well and were available to all potential users. We had noted that in many centers, 
lack of uspr services was a sutstar.tial barrier to many who could make good, effective use of 
the system* Educational use is even more sensitive to such a barrier* 

6) 4 l2£21.1^L bi§^ of users beyond only the Clareracat Colleges would help support a faster 
developnent or hardware capacity and user support activities. Models for such a broader 
network existed in the form of the regional centers mentioned ir, the previous section of this 
report* on the other hand, no network had started froc scratch without a major injection of 
outside funds* By starting with a larger system we would be able to support a wider variety of 
applications right away, and therefore have a better chance of starting beyond any threshold 
which flight exist for a system to catch on* 

The Institute for Educational Computing was formed as an organization owned jointly by all of 
the Claremont Colleges, A basic (then PDP-10) DECsystenlO computer was purchased^ and the Institute 
was charged with operating it as an educational resource ar.d selling services back to the Claremont 
group, other colleges^ and other non-profit: users in the Los Angeles area* lEC has defined three 
basic goals it Is trying to meet. 

A* Provide effective and econoftic academic compiiting resources to its customers. 

B. Serve as a regional resource for faculty consulting and training in computing, and for 
the development and cataloging of educational software. This service tr?inscends the 
strictly hard-wired netwcirk referred to in (A) above. 

C. Serve as an intellectual center for applied computer science, exploring those areas of 
computer technology of particular importance to educational and research users. 

During th«? first year we had 33 terminals installed plus fiv^ dial-up ports attached to the 
computer. Ke served twelve colleges, three high schools, two research institutions, and a junior 
college. The most distant user was eighty miles away. Next year we anticipate from forty to forty- 
five terminals attached. 

With our limited on-line storage, we have developed an off-line file storage procedure which 
keeps user files on DECtape, small random-access t-ape files. A simple terminal command system 
allows the user to call his files off the tape units without worrying about I/O control. 
Surprisingly to us, this system has run smoothly with very little problems. The quantity of file 
requests rarely overloads the operator; and users have adapted quickly and patip»ntly to the simple 
command language and one or two minute delay. In fact, though we have added more disk space, most 
of it has not gone to permanent user file storage, but mainly to increased public libraries and 
publically available work space. 

The equipment was purchase-^ with the proceeds of a loan which called for interest-only payments 
during the first year. In this way, we helped alleviate the financial burden of the first year's 
operation. Later, as use picks up, the hardware Mill be paid off. 

Terminals are scld on the basis of access. That is, users pay for ports into the system rather 
than time and resources used by them. There are two fundamental advantages of this system to 
academic users. First, it allows tho college to plan it£ computing budget in advance without the 
danger of an unpleasant surprise in the form of qross overexprnditures. Also, we have discovered 
that the control of computer access is an unstable system. That is, small attempts to control 
access tend to suppress valid student use beyond necessary limits. 

Providing terminals and access to a CPU is not what we consider our primary activity, however. 
On-site consultants work with the users at their installations. The consultants, called "circuit 
riders**, t roubl'^-shoo t for the remote users, teach siiort computing courses or give lectures in 
regular classes. They also bring problems and complaints b^^ck to the operations sr-it'f, and so act 
as ombudsn»en for the user. This feedback helps us respond to probl^-ms b<^fore they become s<»rious. 
Our consultants have commented that it is a surprisingly different experience sitting BO miles from 
the CPU trying to figure out what is happening. Installations providing on-line service can fail 
for not recognizing that difference. 

User manuals and other system docuraentaticn are provided, of course. In addition, we publish a 
monthly newsletter to our users containing information abcut new software packages and system 
changes. User complaints of general interest iie included in tiie letter, along with our responses 
to them. A small journal is also b^ing initiated this summer containing longer articles by our 
users on their use cf the coaiputer in education and research. 

Our observation is that software packages, prewritten systems designed for use by the academic 
community, are beconing increasingly important for educational users. To r-ispond to this new 
requirement we are building i large library of these applications along with atlaguatt' docum'='ntat ion . 
We are also developing an on-line index to these packng»:-s, along with a simple inf crmation retrieval 
system, designed to be useful to the faculty m*>iQbor who is a computer novice, but who is interested 
in exploring how he could use th<^ machine in his dincipline* 
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There are other lEC activities aimed at stimulating the acadeoic user in the direction of 
pducational cooDuting. A tvo-week sutntner training seminar was held to acquaint faculty who were not 
experienced with computers or in thf^ir use, and to start thoin on software development. The seminar 
consist*?d of full-day sessions, oornings spent in the classroom, afternoons in the lab, and used the 
BASIC language primarily. Another two-week session is being held this suraoier. These summer 
programs have been supplemented with lectures by other outside experts in educational computing. 
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COHPUTEBS IN SMALL COLIE^TES 



Bruce K. Alcorn 
Hational Laboratory for Higher Education* 

<»The work reported here was conducted while the author was at the Southern Regional Education Board 

INTRODDCTION 

'^he inpact of coopaters upon our society is increasing aloost daily. This impact, while having 
reached Kost segaentc cf our sccifjty, is greater in sooe areas than in ethers, in the field of 
higher education the impact is so extensive that the larger institutions couli net operate without 
them. 

While computer usage by colleges and universities for the most part started in the larger 
schools, the pressures for such facilities are rapidly moving down into the smaller ones. They too 
have computing needs in administrative data processing, in instruction about ani vfith computers, and 
for some research. In fact, the possession of computing facilities is sometiwes used as an element 
in faculty ar^l student recruiting. 

Teros such as "small" and "large^' are relative. When referring to colleges in such terms, the 
description most of t^^n refers to student enccllment; however, it can also include variables such as 
number of levels of degree offerings, facilities, and financial strength. Here, a small college is 
one whose enrollment is less than 2500 and the highest level of offering is the bachelor's degree. 

OPTIONS FOR SMALL COLLEGES 

The variety of options cf computing facilities for the small college has rapidly increased in 
the last several years. The following list of options is basically sequential in terms of costs and 
capability; however, the latitude within each is such that a great deal of overlapping exists. 

^* QSfzQamHus Com^ut^rs; No Terminals - Colleges have used the computers at other educational 
institutions, governmental agencies, or commercial organizations by physically transporting the data 
and/or users to and trom the campus. This type of service has usually been thought of as temporary, 
or specialized, at best. 

2- I§.Ll.i.QiaLs to Qffz£l!!lEiL§ £2™EiLl£E ~ Slow speed inexpensive terminals to a computer at a 
university or a commercial vendor have been quite successful under the proper situations. Distance 
between the terminal and the central computer, and the type of use can cause problems. 

If the distance exceeds one hundred miles (a r ule-of-thumb) the communication costs may exceed 
the computer charges, especially if regular telephone rates are in effect. Administrative data 
processing is generally not too practical within this option, as well as othei;' high input/output 
applicat ions. 

3» £Q0E2L^ti^£ 2f £2i!!2!i£2£5 !i2 lilSiliilS " There are many areas of rhe country where 

several small colleges are in v^^ry close proxiciity to each other. In such inf^tanr'-^ the sharing ot 
one facility can offer better and more flexible service than that provided by the previous option. 
The major reason why this procedure is not very popular is because in actual practice it is very 
difficult for such institutions to actually cooperate in major undertakings of any kind. 

a. Elini to Small Congub^r Qn-Cam^us - This is probably the most popular option in use today, 
since it gives the college some computing ability and it also gives them "th€:ir own" computer. 

There is no standard relative to what a mini-computer is as compared with small, medium and 
large; however, one reference classifies it in the following manner: 

TABLE 1: COMPUTER SYSTEM CLASSIFICATION BY COSTS* 



Mini 
Snail 
Medium 
Large 



under $1 , 200 
$1,200- 5,000 

$5,000- ao,ooo 

$30,000-150,000 



The total annual operating ccsts for systems within thifs option would probably range from 
$10, 000-$60,000. The hardware would typically range from an 8K system with teletype I/O plus one 
symbolic and one compiler lanciviaqe on up to a IGK systetn with disl^ or tape, card reader and punch, 
line printer, plus multiple language capability. The smaller of these would bo batch systems while 
Others night also have some time-sharing abilities. 
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5. Cooperative Us^ of Comjgut^r; T^tDjinals - T he^ ad va nt aye of this over Option 3 is that each 
institution has "something" on-catnpus, SoD^i uiie of this typo is going on; however, at the small 
college Ifeve 1, some one college usually has the central systeip and sells "tiir.c-" to the others. This 
is then like Option 2 for raost of the schoolfs. There are soo^e lary?-£cale pxamples of this option, 
notably the Triangle Universities computation center (TUCC) in Research Triangle Park, North 
Carolina and the Middle^A tlantic Educational and Pesearch Center (HSRC) in Lancaster, Pennsylvania. 

^» 2l}lQ.^!!lEli§ £2S£!ll2£ Kitb Communication Cagabilit^ - This option ranges in hardware from 
the high speed remote batch terminal (card reader and punch plus line printer) with no real stand- 
alone ability (*rxcept card to printer), to the so-called "intelligent" terminals to a sniall computer 
(such as the higher end of option 4) with the. ability to act as a terminal to a large scale machine. 
This does provide increased flexibility; however, the cost/benefit situation must be carefully 
exaisined. 



STATUS OF COMPUTER USAGE AT THE SMALL COLLEGE 

To obtain some idea of the status of the situation in the small colleges relative to the use of 
computers, a look at the study by Hamblen^ is in ordf:r» The information presented here has been 
abstracted from the inventory report in such a manner as to highlight the small college data. It 
vas not necessarily presented in that report in the same fashion as here. 

Table 2 gives the number of institutions of higher education by two enrollment categories and 
four degree levels. There are 1,413 small colleges as defined here. In other words, 5*7 percent of 
all institutions of high education can be classified as small colleges. 



TABLE 2: NDH02R OF INSTITUTIONS BY ENROLLMENT^ 
AND HIGKEST DEGREE OFFERED - 1966-67 

HIGHEST DEGREE OFFEEED 



Enrollment 
Below 2500 
2500_and_over 

"totals 



Associate 
630*" 

773 



Bache lor • s 
78 3*" 

as 

8 3"" 



Master ' s 
"297 
— 21 1„ 

508 



Doctora t? 
171 
„194_ 

365 



Totals 
T788T" 



♦ Total "Below 2500" and no higher than "Bachelor 's''^ 1 , U1 3 



tikewise. Table 3 presents population estimates of the number of colleges and universities with at 
least one computer installed or on order to be in use by the end of 1967. Of the 980 institutions 
with computers, 301 of them are small colleges. The percentages in Table ^ are computed directly 
from the data in Tables 2 and 3. 



TABLE 3: ESTIMATED NUMBER OF INSTITUTIONS WITH COMPUTERS* 
BY ENROLLMENT AJ/D. HIGHEST DEGHEE OFFERED - 1966-67 

HIGHEST DEGREE OFFERED 



Enrollment 
BeloK 2500 

""totals 



A ssqcia te 

_105 

253 



Bachelor' s 
153*"" 

189 



Kast er j_s 
92 
J82 
275" ~ 



Doctorate 

~7a" 

_ 186 ^ 

264 



Tota Is 
a71 

9S0 



♦Total "Below 2500" and no higher than "Bachelor 's"=301 



TABLE a: ESTIMATED PERCENT OF INSTITCITICNS WITH COMPUTERS 
BY ENROLLMENT AND HIGHEST DEGREE OFFERED - 1966-67 

HIGHEST DEGREE OFFERED \ 



Enrollment 
Belov"2500 
2S0Q.^and_over 

"totals 



Associate 
23%"" 

735C 

33* 



Bachelor ' i 
20** 
7*S% 
23^ 



Masterls 

e65„ 



Docto rate 
"""i*6i" 
9 6?C 
72™ 



Totals 
_ft5f. 

ao5~ 



♦Total "Below 2500" and no higher than " Bachelor' s"=2n 

The computer hardware actually reported^ at the small colleges is listed in Table 5, with estimates 
of ex'penditures for coniputer facilities in Table 6, 
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TABLR 5: COMPUTI^K REPORTED IN USE OP. TO BE lt\ USE BY THF END OF 1967 AT 
IWSTITUTIOWS WITH BNROLLrtlTNTn LESS THAN 2500 AND OFFERING 
AT MOST A fiACHELOH'i: DEGREE. 
(1125 out of 1U1.3 reporting)* 



Tjrge 


No, 








Ho. 


BUR'"e 103 


T 


HON'~200 




Te«"ii30 


48^ 


BUR 101 


1 


MOM MABK XI 


1 


IBM 1U01 


36 


BUR 205 


3 


HON 2000 


1 


IBK laiiO 


1 


CDC G 15 


2 


HON 3000 


1 


lEM 1620 


U9 


CDC LPG30 


1 


PDS 1020 


1 


IPM 360 


1 


CLY DE 60 


1 


OHI ATHENA 


1 


lEM 360/20 


9 


DEC PDP 8 


1 


UHI 100U 


1 


IBM 360/30 




GEC 115 


1 


ONI 9300 


1 







TAELE 6: ESTIMATES OF 1^66-67 EXPENDITURES FOR COMPUTERS BX 
ENROLLMENT AND HIGHEST DEGREE OFFERED IN MILLIONS 
OF DOLLARS^ 

HIGHEST DEGREE OFFERED 



Enrol Iment 
Below'"2500 
2500_and_over 

"totals 



Associate 
8.5"^ 
13,0 
21 75 



Bachelor ' s 
5,0 

877 



Mast er2.s 
"■"^672 

20.5 

26.7 



Doctorate 
18. 6*"" 
IMS. 6 
164.2"" 



Tota Is 
3375 
JL82 .8 
~22l7l 



♦Total "Below 2500" and no higher than "Bachelor •s"= 13. 5 



It is interesting to note that according to this study, the scall colleges comprise 57 percent of 
all institutions of higher education, make up 31 percent of the colleges with computers^ and are 
responsible for 6 percent of the funds expended for computers by colleges and universities. 



AN EXPERIMENT 



2jsscri£ticn: 

In 1966 an experiment was initiated in order to gather sotno data pertinont to the use of 
computers for instructional purposes in small colleges. » Three different ways o^.;- , options for 
obtaining computing facilities are involved — terminals to off-campus computers, seS'II co«jputers on 
campus, and cooperative use of a computer without terminals (Cluster cf Colleges or Group) , 

Figure 1 identifies the institutions participating, shows their locations and indicates the 
option in which each is involved. Some descriptive information about each college is given in 
Figure 2, and a listing of the hardware at, or used by, each is presented in Table 7. This latter 
table, as well as all the following data represent the status as of May 31, 1970.^ This experiment 
will be essentially completed at the end cf August 197 1 with a final report to be published by the 
end of that year. 

The staff of the Computer Science Project of SREB are involved in a variety of activities 
contributing to the experiment, in addition to collecting the usuiil data and administering the 
project. These activities can be identified in three groups — Evaluation, Materials, and Services. 

EYiiuiiiojl ~ A cai^G study is being written fcr each institution with the purpose of 
allowing others to see what kind cf colleges did what with how much. In addition, an attitude 
questionnaire was designed (to measure attitudes toward cpmputers in general) and is being 
administered to the students, faculty and administrators of the participating schools to see if 
attitudes toward computers have changed during the experiment. 

2* Materials - Several items were, or are in the process cf being produced to assist the 
colleges. They include an annotated bibliograrhy for introductory courses in computer education, a 
prototype users* manual for a small collcj-^ cciii?ut''^r cent*^r, a listing of the time-sharing services 
available in the SREH region, a collection cf 135 probleos useful in teaching programming, computer 
science, aathematics, physics, business, economics, : rd statistici:, a short course to provide an 
introduction to I!^H 1130 FORTRAN programming, ani an instr ument f or d eter mining machine independent 
aeasures relative to courses utilizing the computer. 

In addition, faculty at fear of the collegps received one-year grants from the NSF for computer 
related curricultiia development in chemistry, economics, natural science, numerical methods and 
physics. .. The materials developed were disseminated and demonstra ted *to and critiqued by faculty 
fron all the colleges in a serios of two workshops. 
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872 

757 

9^^0 
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FACILITIES STATl'S AS OF JUNE 1, 1970 

ON-CAMPUS HARDWARE OFF-CAMPUS R^RDWARE 

1969-70 

% R & I* MOS. MODE OF INSTITUTION /COMFAirf 

lNSTlTaTIO>? USE OF USE UNIT USE UNIT LOCATION OF COMFU:j'ER 



Loyola 


100 


12 


ASR-33 (1) 


IN'-VJATS 


GE-265 


Call-A-Co:r.pu tor , Inc . 
■ LonJ^ Islinda N.Y. 


Maryville 


100 


12 


ASR-33 (2) 


IN -WATS 


GE-265 


Call-A-Co;apu tor , Inc. 
Lo3 Angeles, Calif. 


Wo f ford 


100 


12 
1 


ASR-33 (3) 
H-P720a\ PLOTTF.R 


IN -WATS 


GE-265 


Call-A-Compu tcr, Inc . 
Los Angeles, Calif. 


Huntingdon 


100 


9 


IBM 2741(4) 


LEASED L'^irt 


IBM 360/50 


Auburn Uaiv, Auburn, Ala. 




ASR-35 (4) 


IN -WATS 


GE-265 


United Computing Systems 
Kansas City, Missouri 


Millsaps 


100 


9 


ASR-33 (5) 


IN -WATS 


CE-265 


Cr.l 1-A-Conpu ter , Inc. 
Los Angeles, California 








ASR-33 (5) 


IN -WATS 


CE-265 


United Computing Systems 
Kansas City, Mi. s sour.*. 


Mississippi Valley 
State Collcce 


100 


10 
12 


IBM 1050 

IBM 360/20(6) 


LEASED LINE 


IBM 360/40 


Mississippi Rosijarch and 

Devclr,p:.;cnt Center 
JacT<scii> Mississippi 


Murray State 


100 


12 


IBM 1050 


LEASED LINE 


(8) 

IBM 360/50 


University of Oklahoma 
Normar, OVlahora 


Huston-Tillotson 


100 


8 


ASR-33 (7) 


LOa^L 
TEIEPUOIffi 


CDC- 6600 


University of Te:\<-3S 
Austin, Texas 


Queens Colle^iti 


100 
97 


12 
6 


ASR-33 
IBM 1050 


IN-WATS 
FX-LlifE 


IBM 360/75 


Triangle Univcrsitie£5 
Conputation Crntrnr 
Research Triar..elf; P?rr., N. 



(1) Two units capable of on-line use for the v/nole period. A third unit, for off-line tape preparaLion only, adrlr.d 
from December -May. Some free time available on an IBM 1130 and a UN I VAC 1108 at local iiidus trier., 

(2) A second unit added from January-May, primarily for off-line tape preparation, 

(3) A second unit added from Novcnber-Nay for off-line tape preparation only. 

(4) Auburn Univer si ty services usecj September-December; United Computing Systems from January-Mny. 

(5) Two units capable of on-line use. IBM 1130 at Jackson State College utilized as part of several coursos* CAC usr- 
from S^iptember-Deccmber ; United Co:!:put;ing Systems from January-May, 

(6) Used for administrative data processing only. 

(7) A second unit added in November. 

(8) Prior to December 1, 1969, the central computer was an IBM 360/40. 
*Research and Instruction 
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INSTITUTION 


1969-70 
USE. 


MOS. 

OF USE 


UNIT 


COI^ 
STORAGE 


ON- 

DISK 
STOPJ^GE 


"CAJ'IPUS 
CARD 
READ 


SPEED 
PUNCH 


LIKE PRlKTi 
SPEED 


K 


Peabody 


86 


12 


IBM-1130(1) 


8K 


1536K 


300 


60 


3^0 l/m. 




Xavier 


54 


12 


IBM- 1130 


8K 


512K 


300 


60 
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(1) Also available is a HP211^A on campus , plus an XDS SIGM\ 7 at Vanderbllt University > 

(2) During the last 2.5 months of the reporting period an on-campus ASR-33 was connected to an IBM 360/75 ,il ;/c&C 

Virginia University. 

(3) Also available is the IBM 360/65 at the Univtrsjty oC Kentucky. An IhM 2741 terminal to the Univeroily of 

Ke.ntucky vas used some as part cf a Gorsiif.n couvse. 

(4) Used for administrative data processing only* 

O RegionaJ Computing Expcrim^jnt, Computer Sciences Project, Southern Regioncl Edncation Board 
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^* 5^£vicQ3 - ArL*ange-fnp;nt3 w'Te m.idfv for a cotstnon library of prograas for those terminal 
users using the same tiffl<*-.'sha r ing ::^ij|-plier , L-ich institution w.is viritod s^iVferal times by the 
project stdff an^l seven group meetings: ver*"? holl'3 with the principal investigators. These iiieot ings 
involved a variety of topics from inst^^lLation and management problems to curriculum development 
project reporting. 

lifSlXSil^St atistical_Result s: 

Figures 3-9 give some indication ot the extent of the activities during these two years. Of 
the twenty institutions involved, 13 have ccmpleted two years cf computer activity and the remaining 
seven, cne year. The figures show this with pairs of columns for each type ot facility. The one 
labeled "First" presents the first year data for all participating institutions regardless of 
whether their first year was 1968-69 or 1969-70, "Second" piRsents the second year data only and 
involves only those institutions which started with the 1968-69 academic year. 

Figure 3 depicts the equipment utilization in terms of the average number of console hours used 
per month. This is cnly an approximation since console hours are not always measured in the same 
way. It must also be remembered that for the "Group" this is the average for the entire group and 
not the average for each institution in the group. The (^^=1) refers to one group of five 
institutions. It should be noted that the colleges with the "Small Computer" facilities also 
utilized them for administrative data processing. 

Figure U gives estimates of the percentages of the total stu'lent bodies (registrations) using 
the computer facilities for instructional or research purposes. Figure 5 is analogous, but for 
faculty participation. The data in parentheses and the portions of the "First" columns below the 
broken line are the first year data for those institutions having comfleted their second year. In 
other words, the first year (1968-69) data is separated from the 1969-70 first year data. For 
example the three colleges (H=3) which have completed two years, had 16 percent of their faculty 
participating during 1968-69, their first year and 19 percent during their second year, 1969-70, 

Figure 6 shows the percentage of total facilities utilization for instruction, research and 
administration, A separate IBM moi center is maintained at the Atlanta University Center (Group) 
for administrative data processing. A separate IBtl 360/20 is similarly used at Mississippi Valley 
State College, Administrative use of small computers (IBM 1130'g) ranged as high as 50 percent of 
the total utilization at one campus during the first year and U6 percent at the same campus the next 
year. 

Although approximately four times as much was expended to maintain the small computer 
facilities as was spent on the terminal facilities (see Figaro 7), the average expenditure for 
instruction and research use per registered student was only twice as much during the first year and 
one and four-tenths as much during the second year (see Figure 8) , 

Since the data shown in this report are partial (no'b» all institutions havo had computer 
facilities for two years), and what is even more critical, the data is for thp initial start-up 
periods, interpretation should be kept in this framework and attempts should not be made to project 
these data as being indications of later years of operation. 

Figure 9 presents the averaue cost per participating student in each of the major acade-nic 
disciplines cr groups within and for each type of facility. The seetviingly high figures for the 
first year for the '/Group" ($230) can b*e partially explained by the intensive u£9 of computo.rs by 
students in programming, computer science and social science. If th^se costs appear high, even in 
their present context, the reader should bear in mind that few,, if any, other aspects of college 
instruction are allocated on this basis. Usually such cost as library operations are computed as 
average costs per student enrolled and not on the basis of usage. 

Problems: 

The problems related to the establishment and operation of a coi.iputing facility in a small 
ccllege aro basically the same type as in a large university, only magnified because of the 
inexperience. The start-up pains are of shcrter duration however, than they were ten years ago. 

The usual hardware and software "bugs" are still around, including difficulties with vendor 
service. The colleges often started out with, or gr;?v into, a shortage of space, staff, card 
punches or terniinals and computer related curriculum materials. This was follow*^n by pressures for 
plotters, faster printers.^, additional software packages and better scheduling priorities. 

A very consistent problem was that of a lack of faculty with computer experience, and heavy 
teaching loads which made it difficult if not impossible at times for inexperienced faculty members 
to overccne this deficiency. 
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Even in this shcrt period, th^rre has been enough evidoncp to draw some conclusions, even if not 
final. In nost cases the project has been successful from the college standpoint. In fact, some 
have admitted that they would be lost without coaputer facilities. 

Ev«ry one of the twelve institutions which is no longer receiving KSF support are now operating 
on their cwn at the sane level or even greater. Some even feel that "their computer" is a positive 
element in recruiting both students and faculty. 

The beginners do need help in most areas, but especially in getting the faculty actively 
involved. The success of such facilities is strongly' related to the leadership, enthusiaso, and 
attitudes of those really in charge of them; that is, the personnel making the important decisions. 

A_£aution: 

The reader should be cautions in interpreting the data related to this experiment. The 
emphasis is placed upon utilization of the different types of computer facilities for instructional 
purposes and does net. diccuss research and adniinistrati ve uses, real or potential. The reader 
should keep in tnind the following as he interprets this report: 

1. The initial thirteen participating institutions had little or no computer use prior to 
July 1, 1968, and the latter seven had litt:ie or none prior to July 1, 196?. 

2. The "first year" of computer use covered by this report varies from six to 11 months (see 
Table 7) . The "second year" is a full 12-iBonth period. 

3. The average total computer use in hours per month during the second year ranged from 85 
to 229 or from 2U percent to 65 percent of capacity based upon a maxiraum (conservative) two shift 
operation (352 hrs»/ino») . 

^4. The characteristics of the institutions differ considerably (see Figure 2). 

Because of the above, costs per participating student are still inflated as compared with 
similar costs at centers which are several yfrars old. However, the total costs do represent good 
measures of "start-up'^ costs for the different types of facilities included. Second year total 
S.2§t§ increased 20- 25 percent while costs £er £art ic ii^at inti student showed a significant decrease. 
As computer use becomes greater the operation of the facilities becomes more efficient and unit 
costs will t€nd to level. This leveling can be axpecttid Mh^n the facilities approach two full 
shifts (352 hrs/mo) of usage. This will probably occur during the third or fourth years of 
operation. 

Footnotes 



iJohn W. Harable-n, "C9ntral Computer Center Organization and Computer Systems Options for 
Institutions of Higher Education," prepared for Prcceedir.gs of Conference on Computers in 
Instruction: Their Future in Higher Education, RAND Corporation, October 1-3/ 1970. 

zjohn W. Hamblen, InyentprjC of Comfiuters in H^S^ Hiali^r ^^^£§.112"* 1266-67, (Washington: 
National Science Foundation, 1970). 

aibid, 1-5 

♦Ibid, II-3 

5of the 1U13 institutions in this group, 1125 reported. 

6John W. Hamblen, "Computing Facilities in the Small Institutions: 1966-67," Proceedings of a 
Conference on Compviters in tho Undergraduate Curricula. (Iowa City: Center for 
Conference and Institutes, University of Iowa), 11.19 and 11.20. 

^John w. Hamblen, Inventory cf. Computers, 1966-67., Ibid, III-2. 

©"Experiment on Wayf5 of Supplying Computer Facilities to Small Colleges for Instructional Uses" 
is supported by NSF Grants 269-275, 277-2Q0, 330, i40a-a06, U17, U81 and is being 
conducted by the Computer scionces Project of the Southern Regional Education Board 
(SREB) . The project Director is John H. Hamblen and tho Associate Project Director is 
Bruce K. Alcorn. 

'Another related experiment was initiated by SREB during th<^ summer of 1970. It involves yet 
another cf the optionji, mini computor^s, and is called "An Experiment on Utilizing Mini 
and Vory flmall Computers for Instructional Usor," WS? Grants 1072 and 1111. This project 
has a duration of three yeari;# involv^is ten colleges in seven states (including Maryville 
College), and includes products of three different manufacturers. 



COMMENTS ON SOURCP:i AND TYPES OF SERVICE 



Whitney Johnson 
Virginia Council of Higher Education 



I'd like to ask for a shovf of hands: llow ©any of yon represent state-supported institutions? 
How many represent private institutions? Looks like just about half and half. Okay. I think that 
Me all know, and it probably is appropriate to re-eDphasiz<=, that the computing needs of any 
educational institution fall into several categories. rjay narrow these dovn to three, roughly, 

as being the instructional support area, the research support area, and the administrative fsupport 
area. (keeping grades, student records, registration., f*.nd what-have-ycu) . of course some would 
have to add extensions to public service and other areas, but you can usually brt^ak those down into 
components that fit into one of these three. Whether you have a small institution with a hundred 
students, or an institution with thirty cr forty or firty thousand stud.^nts, you hav^ all of these 
components having a need for computing at your institution. now son^^ of you are only interested in 
one of them. But soiQ«3one at your institution also has to bG interested in th<^ others. As our 
keynote speaker indicated, there are cases where you si.uply can't afford to get involved with the 
computer in soiae of the adniinistra tive tasks, and I think we should recognize that. We, as the 
computer people on campus, need to look at projects to make a decision, or to help our 
administration make a decision as to whether it is cost. -ef feet ive to do it this way, or should ve 
really just say, "Keep doing it by hand. It's the best vay.'»? 

When you get involved with a statewide system of higher education some way, you find that the 
people begin to look at the money you spend in a little different manner^ They begin to say, "Hell 
now, let's see. We don't care, really, whether it costs you more from your budget to do it this 
particular way. In the end result, it costs the state and the taxpayer less to do it this way«". 
So very frequently the concern is not with the cost on an individual campus. The concern turns out 
to be with the cost to the taxpayer and the state systeid. So you have movements around the country 
towards setting up large, massive central systems to serve the needs cf the state. 

It was not too long ago tha'; right here in Georgia this was a heavily debated issue in the 
legislature. There was a move here to put all computing within the state — that is all computing for 
the various state agencies and state-supported educational institutions--into one massive, 
centralized computing network. That included all of the systems in the colleges and universities. 
That included all the people, tec. There would not be trny Computer Center Directors reporting to 
college presidents. They were going to report to the computing czar at the sti\te capitol. Well^ 
fortunately--! think--there was enough discontent registered that when it finally got through the 
legislature, the educational institutions had been exempted from this massive computer-czar 
arrangement. However, I think that these institutions see the handwriting on the wall and recognize 
that they'd better clean up their own house, so to speak, in terms of getting the dollar*s worth for 
the taxpayer within their own system of higher education. 

In ether places around the country, vie see regional computing centers being developed. That's 
what we are trying to do in Virginia, for example. They are doing it in other states. They are 
encouraging the smaller institutions, located reasonable near, geographically, to major educational 
institutions, to go to the major institutions for their priirary computer support. This essentially 
says, then, that some of the smaller colleges may only have a card- reader-prin te r- type real/ batch 
station. Others may have an IBM 1130 with a synchronous cbrntcunications hookup on it, going into the 
tnajor computer center. The latter type of operation, in my opinion, has several advantages to the 
smaller institutions. It doesn't say that they can't have seme small computing capability to give 
the student some hands-on capability, but it does give them access to have major computing concepts, 
the major computing languages, the wide variety of languages, the wide variety of support at the 
major university nearby. 

Nov in Virginia we made it a specific point to include the private institutions as well as the 
state institutions in cur plan. We feel that by hooking up tc cne of the regional centers, you can 
get a lot more computer power for your dollar than you really have to pay for that that you actually 
use. 

I think we see generally around the country a tendency to move more towards what you might 
refer to as a »*hard money" policy in university computing centers. That is, the open access idea of 
the library is beginning to te moved asido in terms of, you've got money, you can come and buy 

computer time. if you haven't got money, w^-^'Il let the computer sit idle.''. To some of us that is 
a problem because we think computer cycles go to waste. Dut the user must recognize that it costs 
noney to use it. Hard money is one way to do this* 

I would like to make reference to our keynote speaker's talk again. lie said that computer 
costs represent about half of library costs. I wasn't quite sure where he had gotten that. I hoped 
he would be here, but I saw him leaving at break tine. ;ts I r»rcall, the President's Advisory 
Committee suggested that computer support ought to be about equal tc library suiiport, and that 
library support ought to be, as Dr. Reveley indicated, about five porc<int. I did a Little survey of 
the statp higher-education agencies last December, arking how much had b»^en spent in each state for 
education and general expens-:. (now this, of course, runs everything tog^^ther, but there is a 
question of def iri it ion , ) . How much had been spent for computing support, and how many students, 
Q count and Cull- time-equivnlrn t, were involved. Of course, the information 1 got back varied. 



depending on the responsibility of thp in<3ividiial who rf-CGived tho questionnaire. In Korae c<)ses I 
got figures for the whole state 5:yi:ttia; in sour? ca.ses I got figures for part of a syr>ten; in soujq 
cases I get nuabers for one individual institution. 



I think the interesting part is that approx isi at el y three percent of the total oducational 
general expense is going toward support of coopu te-rs , Some states were as high as seven percent; 
some states were below one percent. Overall, it was around three percent. This also shakes out to 
be about forty-five dollars per head-count student, or fifty-five dollarfs per full-time-equivalent. 
Now naturally there are more h^ads than there are full-time equivalents because you get part-time 
students added in. 1 don't knew what all this means, I don't want to imply that this is enough, or 
anything like that; but it gives you a picture of what is being spent around the country. 

Now, we have in Virginia one regional computer center operaticn that I would consider fairly 
successful, the Center at the College of l^iliiairi and Kary, working on a Systera/360 Jlodel 50. There 
are twelve institutions, both public and private, tied into that center. The cotumiinity college 
system is just completing what they call a student informaticn system, with all of their student 
files for those institutions in the community college syst^^ni that they are bringing up now — ^^they're 
not doing them all at once, but they have about five — all of their files and 'student recoiMs are 
going to be maintained at the regional computing center. There are parallel operation:3 at' two 
institutions this spring that have run very nicely. We think this is a good illustration of what 
some cooperative effort can generate. ' 

Another illustration from this same regional center, we have an institution that is actually 
larger in student body than the College of williatn and Mary that had a 1620 and wanted to upgrade 
i^. He encouraged them to go to sorrething that would tie into the regional center. Then, of 
course, they wanted people to write all kinds of new programs, and we said, ''Look, why don't you 
just go over to the regional center and talk to then and see what's there?", when thoy finally did 
this, the report came back to us, "They've already got programmed ninety percent of what we need*". 
And so we have this institution that is picking up packages that were already running a*: William and 
Mary, and doing their accounting, their student records, and all of these kinds of things that 
Hilliam and Mary was already doing, so there was no reason why this other institution couldn^t use 
them if they wanted to, i think most of you would have found this true had you looked at these 
types of alternatives. You will find that the university nearby does have a fairly extensive 
package of administrative data-processing programs. Though you iiay have to give a little bit on 
what you have been doing, you can usually use those programs very, very effectively at almost no 
programming cost. And that is very important to you, it seems to me. 

We are more and more in the state systems running into state data- processing systems or stato 
data-processing agencies that are not involved in higher education, and th^se concern me, I 
personally believe that coordination of computing in higher education should be maintained within 
the family of higher education. Of course this is where I differ with the director of the Division 
of Automated Data Processing in Virginia. 
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DISCUSSANT COKrtENTS OH SOURCES AWD TYPES OF SEPVICE 



Glenn Inrftam 
Washington State University 



When Jeri'y Bngel asKed ne to sc-rvo as a discussant for this session, I said I'd be pleased to, 

but on second \\.hought, asKed how I should prepare for the job. His advice was, "Have "io^ir sense of 

humor, be prepared to fill in for Preston Hantner if he doesn't ciake it, md if Gordon Sherman 
doesn't show upv you can talk about HSF and ACM," 

Reflecting . ^ii these three points, I realized with some sa<3ness that T was ill-prepared for the 
role. First, as a Ccmputing Center Director, I don't have a srins*= of huaoi:. Second, as an old 
Giant fan, I've had a recurring dream of being called to pinch-hit for Willie Mays, but I didn't 
have enough time to grow a beard or acquire the othijr attrib\ite5; necessary to pinch-hit ,for Preston. 
And third, I be** ieve Milton had a somewhat easier task in justifying the viys of God to man than 
Gordon had in justifying the ways of NSr to small colleges, 

since my task wasn't rigidly defined, I'll feel free to comment on this aiorning's speakers as 
well as those of this session. Jerry led off with a description of the duties of a computing center 
Director in a small college, noting that you taught co.Tiputor science classes, probably served as 
assistant dean, perhaps as registrar, and quite likely coached footba 11 on the side. This reminds 
me that in th^^ old Jewish Bible, the Eooks of Kinqs, Jereaiah, Ezekiel and Isaiah were arranged in 
that order, with the rationale that the Bocks of Kings ended in desolation, Jeremiah was all 
desolation, Ezekiel begins in desolation and ends in consolation, and Isaiah is all consolation, 
while the day of Isaiah is not upon us, there are some rays cf hope. 

One cf Preston Hammer's subtle comments provided one ray. Of course, he had wounded ug earlier 
with the remark that anyone who could remember the CPC was too old to be here (I started computing 
with a U02 and 602A, and thought a CPC was really a computer!) • But his word of consolation came in 
his definition of a valid computer application: if you ree.lly know hew to do a job, turn it over to 
the computer. Be reassured - no one will turn a Computing center Director's job over to a machine! 

Gordon Sherman Explained NSF's primary mission, and ii.^ a response to a question, indicated that 
there was little pronpect for direct help to small colleges. As I indicated earlier, I can feel 
sympathy for Gordon's position, because I found myself in similar spots a number of times during my 
years at NSF. But if we accept the view that the sabbath was made for man, and not man for the 
Sabbath, then a concomitant view should be that federal agencies were created to help institutions 
of higher education, and not the converse. 

The point of this is that although we've all taken parts of our educational responsibilities 
very seriously, we've all neglected one significant part. * We have worked hard to introduce the 
computer to our faculty colleagues and our students, and to explain it to our administrations. But 
how many cf us have tried to educate taxpayers or legislators to the importance of computing? We 
may let off some steam in talking to Gordon as a representative of NSF, but he doesn't set policy - 
some ex-Pfc, Wintergreen in the Office of Management and Budget does that. You all have Congressmen 
and Senators, and you have an educational challenge there. 

The presence of Dr* Reveley at a meeting of this sort is significant. Just the fact that, as a 
ccllefje president, he had faced the question of whether his college needed a .computer, and had 
reached an affirmative conclusion, is important. But obviously, he has investigated issues related 
to computing, and its role in a liberal arts college. He had studied costs for computing centers 
nationally, and compared them with library costs. This is a frequent comparison,, and it has some 
hazards that I'll return to later. 

Dr. Reveley spoke of the exchange of memoranda with his key faculty on the subject of 
computing, and at one point came to the surprising conclusion, that the Computing Center Director can 
boss everyone on canipus, Jerry Engol must write eloquent memoranda. By contrast, I recall the case 
of an exchange of memoranda in which the president criticized one originating in the Computing 
Center as la-^en with jargon and cliches. The president received another memorandum from the 
Computing Center Director noting that his jcb required that he put his shoulder to the wheel, keep 
his nose to the grindstone, his eye to the future, his ear to the ground, and the wolf from the 
door, and he didn't have time to develop a new writing style, 

I've filibustered long enough/ and will turn to this afternoon's session. Aaron Konstom gave a 
good frauework for the typical srnall college conter, observing that it was es^c-ntially a one-raan 
operation, that it had to be cost-effc-cti ve, with cost as the over--riding consideration, and that a 
Director typically adopted a minimizing principle of operation: make as few people angry as 
possible. He also noted educationsil advantages oi: a sffall computer: students are aware of the 
finiteness of rer^ources, and learn criteria for the quality of a program ~ reiuce core size and 
optimize run time; further, there is an opportunity for hands-on experience. I believe the first of 
these is a real advantage, arid it ir. true that big - computer people have a certain type of 
provincialism that loads thom to underestimate how much can be dono on a small computer. The second 
point - hands-on experience - should be que.oticned, I h»=>lieve. The fundamental quorstion is hands-on 
what? Clearly, anyone who saboits a job to a computer has had his hands on something - deck of 
cards, keypunch, terminal, .etc. But how much is learning advanced by actually operating a computer? 
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?his l^afls into the next pr^Sfjntation by Kred Wein<jart '^n . Fred oa*: lined a half-dozen 
approaches to r^^qional cooporativ^^ cosiputor un^is, ari'i listed th^ five crit'^ria on which his own 
center cho/se Its equipment and organiz«?(l itn operation- hf' noted that in liis op«^ration, when 
students or faculty had a choicrj between operatinq a r^tand-alonp computer cr a terminal, terminals 
were much moro popular, and stand-aiono U£e witKoroii, This raay not be a univ^^rsal phenomena^ and 
many of ms can't afford the luxury of providing the choice. :Uo\t*iv^r, it does provide a coranentary 
on hands'-on^-a-coapu ter experience, and suggests that alternatives naay be viable- 
Two other coBments by Fred merit attention. He said that one of the criteria for his center 
was, "Computing service alone isn't enough-" We all believe this, and I don't know what the 
implications are for a barsically one-man operation, but we are bacK to an Gduca*:ional problem- He 
also called attention to matters of financing, billing and accounting- Seme of you have said that 
you don't bill for computing services, but I doubt that you can continue to avoid it- Personally, I 
don't believe the meek will inherit the earth - I believe auditors will - and for this reason as 
well as for internal justification, adequate accounting seems necessary and inevitable- 
Whitney Johnson enlarged the scope of discussion of cooperative efforts to the statewide level, 
and in dcing so, forces us to examine some potential problems- This ccmment may seem to apply only 
to state-supported institutions, but I believe there will be a very strong trend to statewide 
networks that miy include private colleges as *jell- The burden this will place on priva.te colleges 
is the exarainatLon of the alternative way of securing computing services- And one cannot dismiss it 
with the argument that communications costs are high if the distances are large- To return to one 
of Aaron's points, it is the total cost that must be considered, and computing costs may well be low 
enough to offset the communications hurdle- Nearly all of us who have been involved in regional 
computing projects have found that participating colleges. ha ve overestimated the amount they would 
spend on computing services- 
Whitney not'?d that those individuals who propose state-wide networks tend to view this from the 
standpoint of total cost for the system, and suggested that the global cost optimization might not 
coincide with optimizing costs on a local basis- He also pointed to potential pressures to have all 
computing done in one massive center, with a campus director reporting to a state computing czar 
rather than through campus channels- There is real potential for a problem here- Perhaps some of 
you find yourselves in a position similar to mine with regard to equipment acquisition- in ray home 
state of Washington, every computer-related acquisition - including keypunches, terminals, and 
acoustic couplers - must be approved by the State Data Processing Coordinator, for all state 
agencies, including colleges and universities* He are fortunate: our state coordinator is a very 
able, knowledgeable man who has a broad vision of the role cf computing, and he has assembled a 
staff that is intelligent and capable- I can imagine a less happy situation in which a man in such 
a position might regard his job as one of holding the line or minimizing costs without regard to 
benefits. I believe the writing on the wall is cloar - as Computing Center Directors, we must bo 
willing to consider state networks with an open mind, but having reached a conclusion, be prepared 
to document it. And I believe there are excellent reasons for a director to report through existing 
campus channels, rather than to a state czar; we may even find allies in our own administrations on 
this issue. 

The final speaker, Bruce Alcorn, shifted our attention to the national scene, through calling 
attention to the tables in his paper, "The Role of Computers in Small College Management-" Bruce, I 
did have a question about Table 6 on page 12 of your papert does the first half of tho table apply 
to fiscal year 1966-67? (Bruce Alccrn replied that it did)* This is a ver]^ significant table: it 
shows that expenditures for computing in higher education more than doubled in the three-year period 
from 1966-67 to 1969-70. And the footnote calls attention to a particularly dramatic increase: for 
institutions with enrollments less than 2500, and offering no degree higher than the Bach(.?lor's - 
i-e-, that class of institutions that forms the primary representation here - the expenditures 
increased from S13.5 million to SUU.l million, a more than three-fold increase! But it is the total 
figure for all of higher education that is most likely to capture attention: $472 million in 1969- 
70- 

The latter figure reminds me of the Pierce Heport, and suggests a hazard that, collectively, we 
face. The so-called Pierce Report was published in early 1967 as a report by a panel assembled by 
the President's Science Advisory Committee, and chaired by Dr- John Pierce of Dell Labs- it 
considered the role of computing in undergraduate education, and presented a number of 
recommendations- The one recommendation that really caught attention was tho one that, it memory 
servos correctly, expenditures for undergraduate educational computer use shouli reach a level of 
about $i*00 million in 1972, and that the federal qovornment should provide about 3/^^ cf thf> total. 
Even in Washington, D-C, figures in the range of $300-5400 miyicn are noticed, and I'm afraid this 
looked like the initial excavation on a bottomless pit - it scared the pants off some people, and 
led to a classical gambit: conduct a low-cost experiment to determine the feasibility of the 
Report's recommendation- The results are clear - the experiment is withering away and the 
recommendation is gathering dust- I reqard this as a classical example of a revolutionary proposal 
that makes sense, but for which there was no adequate educational campaign in the right circles- 
This raay suggest that we're playing with fire, but I wonder whore we'd be today if one of our oarly 
ancestors hadn't been intrigued by flames- 
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FACULTY DEVELOPMENT 



Louis Parker 
North Carolina Educational Computer Service 



My organization/ the North Carolina Educational Computing Service (NCECS) , is a regional 
computer center currently s-erving forty institutions of higher education in North Carolina^ We have 
been heavily involved in faculty training since our network began in 1967. After about two years of 
network operation, we realized that computer usage in disciplines other than conputer science was 
very limited. We saw a need for efforts by the central staff to develop computer use. in the 
physical sciences, the social sciences, business administration, etc. I would like to spend my time 
today not on technical training but on NCECS activities to promote computer use in a variety of 
disciplines — an area we call "curriculum development." 

We received a grant from the National Science Foundation 2-1/2 years ago to support a statewide 
program cf cooperative curriculua development. The program has included collection and dev^^lopnent 
of curriculum materials, introducing the materials to faculties and students across the state 
through workshops, documentation, and supporting the materials by both technical and information 
services. One of the first things we did was to create a position of Curriculum Development Manager 
on the central staff, and to obtain someone who was primarily an educator (with bread intei^ests in 
computer applications) rather than a computer scientist. The program described below has been 
managed by Dr. Joe Denk, Curriculum Development Manager for NCECS, and the following description was 
derived fron his reports. 

Since 1 November 1969, approximately 700 different packages of computer-based curriculum 
materials have been collected from outside sources or developed by the ECS staff. Although many of 
the packages have potential uses in other acadoi^ic disciplines, the materials have been categorized 
as follows: acounting, biology, business administration, chemistry, economics, humanities, 
interdisciplinary, mathematics, physics, sociology, statistics, and techno logy-engineeiring. A 
limited amount of material has also been collected in data processing and in psychology. 

Collection of a package does not necessarily lead to full availability to a user. Those 
involved in transporting materials realize the problems created by differences in machines and 
programming languages, as well as the barriers to importing educational philosophies associated with 
materials. Therefore, NCECS may give a package either full or low support. 

A package which' reaches full support is available to run at the Triangle Universities 
Computation Center (TUCC) from a documented library. Low support means that NCECS has the materials 
but that they are not iatmediately available on the computer fcr one or more of the following 
reasons: 

(1) A program may not be translated into a language supported by the IBM System at TUCC. 

(2) Materials may not be of interest to more than a few users. 

(3) Documentation is insufficient. 

(U) Programs or materials are not completely debugged. 

NCECS publishes a catalog- journal for each of the disciplines mentioned above. Program and 
Literature Service (PALS) was published for the fifth time December 15, 1970. That issue listed 392 
packages available at NCi^.CS, the locations of several packages not yet obtained, and a limited 
number of reviews of literature on computer-based materials. 

PALS is published not only to inform users of the availability of packages, but also to inspire 
work toward importing packages into the network rind to keep a running tally of the evolution of 
packages toward full support. It has produced requests from outside North Carolina for 1,000 
programs and from inside the state for 300 programs. The August, 1971, issue of PALS contains about 
700 packages. 

Availability of materials is largely due to efforts of the curriculum development st.aff of 
HCECS. However, a significant proportion has been made available by faculty members and students 
under two funded programs of NCECS: a summer program involving full-time work (12 have been 
funded), and a small project prograo' not involving releaso time (20 have been funded). Those 
programs were geared to transporting and brintjing to full support existing materials, as well as to 
creating new materials — 76 of tho 700 packagois wore created in North Carolina. The curriculum 
development staff also created a few new packages. 

Priority for achieving full support was givfjn to materials which run bettor (or could only run) 
on a large computer like that U5;ed by NCECS at TtlCC. This jiriority did not exclude materials which 
y also run on smaller installations, but. it did reflect an emphasis on the unique educational 
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aspects of a largo computer. Among theso aspects is the ability to stor^ and h^ndl<^ larg<? complex 
siiQulationSr data bases, data handlincj systomn:, coaplicatcd tutorials:, and statistical packages not 
available to small oachines, Develcpoent was not limit^ud to thes^j large, complex systems, since a 
vide spectum of naterials is necessary for education. Re-creation of this spectrum is impossible 
for each installation. Priority in support, therefore, was also given to materials thought 
aecessary to produce this wide spectrutn. 

During the academic years 1969 to 1971, NCECS ran 32 workshops involving all of the disciplines 
in which naterials ate supported and several additional disciplines. These vorkshcps provided one- 
on-one training in the use of over 200 com puter-baseu packagrrs tc a total of 1173 participants. 
This roeant two days of training in the actual running of packages for approximately UOO teachers and 
100 students. 3f the 104 institutions of higher learning in North Carolina, 76 were represented. 

In the majority of the workshops, "group leaders" (teachers receiving summer appointment by 
NCECS} coordinated the activities of their own disciplines. when it was possible, authors of 
packages or experts in the use cf the packages were brought in from inside and outside North 
Carolina to aid in the training. In this manner, not only were materials transported but the 
educational philosophies and theoretical bases of the packages were brought in also. 

Since some of the participants had no previous progra citning experience, during most of the 
workshops the UCECS technical staff (assisted by socie experienced users) gave short courses in 
beginning skills in prograwming languages. Job Control Language, and in the use of several packages. 
They also provided one-on-one training, assisting the group leaders. In this way, they provided 
user service oriented toward the discipline rather than merely toward computer science. 

NCECS publishes two levels of documentation a brief form referenced as "LIB-ECS" programs 
and a teaching unit called a Codi pu ter-Based Educational Guide (CE6| . The purpose of the LIB-ECS 
documentation is to give brief instructions for using a package and to touch on the theory and 
educational approach involved. A CEG is intended to amplify those instructions and the educational 
philosophy of the package. To data 33 LIQ-ECS documents and 11 CEG's have been published. 

NCECS takes a conservative approach to documentation; no documentation is produced unless a 
package has reached some degree of acceptability by teachers in workshop and classroom tests. This 
approach explains for the most part' the availability of relatively few documents — only UU out of a 
possible 700. Almost 200 programs have been tested in workshops and over 100 have been used in the 
classroom. A total of 77 programs are actually available on the computer. 

Another cause of the lov number of available documents is the difficulty of getting 
documentation out of anyone. Almost 50 documents are now in preparation. 

NCECS maintains an automated memoranda index which gives a documentation bibliography followed 
by a Key-Word-In-Context index. Another automated system maintains a user list by discipline 
involvement. The communications system provides easy dissemination of appropriate information and 
results in guick feedback from users. Currently, there is a lag of less than two weeks between 
announcements of and subsequent requests for availabl's docuaentation . Workshops and meetings can be 
arranged assuming the same quick response. 

This information service has taught MCECS a valuable lesson. Cnce direct contact can be made 
with active or potentially active faculty users, interested personnel become involved. Indirect 
contact with administrators and departmental chairmen did not produce much involveoent during the 
early curriculum development activities of NCECS. 

I realize that I have been talking about a large central facility having substantial HSP 
support (although the activities I described were designed to meet the needs of small colleges). 
The regional network offt^rs one cfjans of providing such services to the smaller institution. If 
there is general agreement on the ne*:d for this type of support on the small college campus, then we 
should try to adapt these concepts to the environment of the college with its own stand-alone 
equipment and limited resources. I propose this as a topic for discussion later in the session. 
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THE TRAINING OP TJACHERS IN THE USE OF COMPOTERS 
IN THE CLASSROOM 

PaiTittla McGinley 
Technica Education Corporation 



Since the use of computers is increasingly common in school administrative '^nd instructional 
progransr teachrrr and administrator training is of utmost importance. Teachers and administrators 
are being called upon, increasingly, to make important and costly decisions regarding curriculun 
content, computer languages, and equipment, as well as the administrative side regarding scheduling, 
grade reporting,, budgeting, etc. Too often these teachers and administrators hav«^i haa little or no 
appropriate preparation for this responsibility. 

Traditional college and university courses in computer programming or data processing have not 
been suitable for th^ special needs of teachers or administrators. The typical course is PORTRAM 
programming with no exploration into the why or t?he how of coraput-^rs, no discussion of appropriate 
teaching methods and materials, and no motivation in using the computer to extend instruction. 

Part of the reason for lack of college level courses for teachers and administrators is that 
there has been in the past very little demand for such courses. Now, pressure is being applied to 
teacher preparatory institutions from tvo directions. Students entering college have had an 
introduction to computers in high school and are pressing for further education, and high school 
teachers are deiuanding inservice classes.* 

There must be instruction to equip all teachers and administrators with the knowledge and 
materials they need. There are two disti nct^ areas of training: insorvica training and initial 
training in the universities and colleges. The experienced teacher is confronted with new topics, 
and university education methods courses need new elements. 

In either initial training or training ofv established teachers, it would appear that the 
mathematics staff is best equipped to deal with computer related materials. However, it is not 
essential, and indeed it is undesirable, that a general course on applications be the sole domain of 
math departments. A general course demonstrates the broad relevance of coraputiiig to diverse human 
activities, and hence involves the social impact of the computer. With regard to the training of 
established teachers or administrators, the approach to the material is different than in university 
courses. 

It has been suggested that the introduction of computing to teachers might be patterned after 
the same methods which they themselves use in their classroom. It is most important, however, to 
deal with the subject in more detail than the teach'^rs might, do with their pupils. These teachers 
have an intensive knowledge of the school situation and are generally much more critical of the 
innovation cf computing^ 

To run a course aimed at being an education course, rather than a computer programming course, 
can be a harrowing experience; properly run, it need not b^. Once the teachers have grasp-ad the 
basic ideas of computing, critical and most worthwhile discussions arise as to what we are trying to 
do and why. Personally, I find these discussions in this area most stimulating and consider it 
quite essential for anyone in the area of curriculum enrichment. 

It is very easy to complicate the teaching cf computing. However, only logical thinking is 
required. Important recent developments in interactive terminals, mark swnse card readers, and 
conversational languages hav.e made computers easy. to use in the school environment. 

Conversational languages, most notably E.\5IC, have made the biggest impact on our approach to 
computing in schools, and therefore to teacher ^:rdir.ing. It is now no longei necessary to teach a 
complex high level language which will take some days to master. A conversational language can be 
used interactively after an hour or t^o of study. This f-2tct has renove.l the ore major educational 
objection tc computing in schools, thereby allowing the computer to be usc?d as a tool in enriching 
curriculun. 

Over the past few years the United States government has funded a number of research studios 
into the use of computers in education. Unfortunately, very f»iw of thfi results have really been 
red'Jily available to the administrator and tho teacher. An exception to this situation is Program 
REACT - Relevant Educational Applications fcr Computer Technology, 

REACT includes a series of courses developed by the Northwest Regional Educational Laboratory 
under the direction of the Office of Education. Several years were devoted to development and field 
testing of three training courses for teachers and administrators. Thejie computer-^related education 
courses emphasize educational cor\puter applications and provide "hands-on" use of cooputets. 
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The series of courses demonstrates ways the computer can be used in school instruction and 
administration. As a result, school personnel increase their understanding of the problens and 
potentials of using computers* IntelLigont selection can thpn be made from the growing number of 
possible uses of the computer in education. These training courses are organized in i^eparate 
Dodules for school administrators and teachers* 



REACT'.s CDurse I - (Admini53trators and Teachers) - COMPUTERS IN EDUCATION: A SURVEY. 
course provides administrators, teachers, curriculua specialists and undergraduate and graduate 
educational majors an introductory familiarization with computers. Throuqh the study of elementary 
computer concepts and the role of the computer, the educational uses cf computers are presented in a 
broad context. The teachers and administrators develop an understanding of: 

Concepts of computer components, input-output, storage and differences in computer types, 
generations, sizes, and speeds. 

How man communicates his problem to the computer for solutions through, different types and 
levels cf programming. 

The concepts of mini-computers and time-sharing, the use of the teletypes for on-line 
introduction and elementary h'ASIC programming. 

Teachers and administrators are introduced to the fields of educational computing and prepared 
for intensive study of classroom uses or administrative use of the computer through presentation of 
the over-view of the field. Understanding is developed for the potential cf computer use in 
classroom problem solving, vocational training, computer-assisted instruction, . simulation, library 
management, guidance and training, curriculum management and integrated data management systems. 
There is classroom, presentation and '»hands-cn" experience with individualized instruction. 



REACT' s Course II (Teachers) - COKPDTER-ORIENTED CURRICULUM. The course offers a complete 
description of application units available in Social Studies, English, Business, Sciences and 
Mathematics. This includes a comprehensive review of the resource materials currently available. 
Materials augment present course outlines; that is, the program supplements and enriches existing 
learning and teaching methods — it requires no change in curriculum. Curriculum is extended 
because of increa sed ' efficiency and capabilities inherent in computer use. Each application unit 
from the various subject areas includes: 

A description of the computer program*; 

A rationale for the unit. 

Suggestions for several ways the unit could be integrated with the on-going curriculum. 
Objectives describing the desired student performance after each unit. 
Required preparation for students planning to use the unit. 
Directions for further study and exploration of the concept. 
A complete computer program run. 

Emphasis will also be given to student-oriented materials, laboratory and demonstration 
techniques and inter-disciplinary approaches. In addition, the courst- will include a continuation 
of the elementary BASIC instruction offered in Course I. Instruction will bo completely 
individualized and tailored to meet the specific requirements of each participating teacher or staff 
member. 
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REACT»s Course II (Administrators) - CCMPUTSR APPLICATIONS/ADKr NISTHATORS, The course utilizes 
a (leoon.st rat ion data oanagement system, in a »'hands-on" er*virono»i^t to explore a varioty of 
fundamental administrative data processing concepts* A systoo is construct«rd for a model school in 
order to examine aajcr application areas. The applications range £ron the routine (preparation of 
report cards) to the iaaginitive (a prograip planning budgeting system). General topics of study 
include : 

Recognition of an effective ccmputer application. 

Ttdditional educational administrative applications as iapleojented on a conputer. 
The coQputer as a decision-Daking and planning tool for school administrators. 
Basic copputer functions as applied to educational applications. 
Opportunities and problems presented by a computer. 
State of the art. 

The administrator will have a broad picture of the types of tasks within a school district that 
are best suited to a computer and an appreciation for what is involved in iraplenentat ion . 
Implications from a management standpoint will be discussed. Specific areas of interest of 
individual participants will be addressed as time allows. Classroom and workshop environment. 



Each of the classes just described utilizes a series of publications developed under the REACT 
program. The manuals are also available individually or in course sets for use as texts in 
university education curriculum, or for individuals who wish to use them in a self-study setting. 

Information about the REACT program is available from: 

Duane Richardson, Director 
REACT Program 

Northwest Regional Educational Laboratory 
SCO Lindsay Building 
710 S.W. Second Avenue 
Portland, Oregon 97204 

Technica Education Corporation 
655 Sky way 

San Carlos, California 9407i 

Initiative and enthusiasm are the only prerequisites for being involved in cornputers in 
education. Obviously, I think that all teachers and administrators must b^^ involved with the 
ccmputer as soto as possible. This irafcses a tremendous challenge on our educational training 
system and it is one which we must tackle with all resources. 



*Holznagel, D. C. and Stonebrink, G. »'Inservice Education, The Oregon Computer Instruction 
Network Experience.", Data. Process in^ for Mil£§lion, 1970, Vol. 9 No. 7, 1-2. 
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PROGRAMMING SOPPORT AND FACULTY Di^VLLOPflENT : A VIEW PROH AH 
IKSTRUCTIONAL COMPUTING CONSULTING SERVICE 



Karl L* Zinn 
University of Michigan 



Three purposes have ootivatGd this presentation. First, I would like to proviv^e information 
about two projects in which I aai involved in Michigan. The one of most interest for this «5ympQsi»i5i 
is project EXTEND, a sodll college consulting service for instructional computing. The second is 
the MERIT netwock coitputing project, a prototype for a regional computing service in Michigan. 
Further details abcut both of these can be obtained from the references (Zinn et , al., 1971; Herzog, 
1972; Carroll et. al., 1971). 

Second^ I would like to report seme of my experiences with user services and faculty 
consultation. Although my experience has been primarily with University of Michigan faculty, 
recently i have extended these services to the small college environment. 

Third, I shall offer my views on seme contributions of engineering, informational and 
behavioral sciences to computers in college teaching and learning activities. .iy prejudices as a 
behavioral scientist should be clear; perhaps it is useful tc know that I was trained as a 
psychologist, I teach computer science, and I do nost of my consultation and service vork in 
e ducation. 

To generate interest in faculty consultation in a few short pages I shall be quito explicit and 
perhaps controversial. For supporting arguments, the reader might consult the publ cations from 
which this material has been drawn (Zinn, 1970, 1971, 1972). I hope I will hear from those who 
would exchange ideas and materials with either Project EXTEND or MERIT. 



SOME PREFERENCES AND BIASES 

I shall take up oy third point first in order tc expose seme of my biases about what a 
computing center and its related offices should provide to college faculty* Most important, the 
computing capabilities should be very accessible. Simply to provide interactive computing is not 
enough. A nunib^r of university computing centers acquired NSF funds to establish "a regional 
computing network. " Initially, these were not networks, except in a degenerate sense; they did not 
offer service! The funds w<?re used by a coiBputing installation to improve a facility; only 
incidentally were partial services offered to nearby colleges. 

Simply to make computiirg interactive and somewhat available through telephone lines and remote 
terminal devices doesn^t make it useful for instruction. Furthermore, a university computing center 
is continually changing its system and software; much of the computing software is not particularly 
suitable for instructional uses; and documentation is quite sparse and usually ineffective. 
Consultation at a remote site has been almost non-existant except for two or three isolated 
successes of regional services. The current funding of regional service activity seecs to be 
correcting many of these mistakes. 

Acquiring interactive computing through a commercial service does not offer much better chances 
of instructional use. The software may be more stable, and some of the documentation somewhat 
better than in university settings, but the capabilities are not particularly suitable for 
instruction in most cases. In-house, multiple-terminril systems are not clearly the answer either, 
at least at the present state cf software development. 

Although it helps to make computing more accessible by providing good software and manuals, T 
must add that to provide a simple programming language is not enough. Dartmouth College has 
assembled impressive statistics on ccoipate.r use, but couversdtions yith faculty there and reviews by 
professional colleagues elsewhere raise questions about the extent of contributions to instructional 
computing. Later versions of BASIC and sp«cial packages such as IMPRESS (Meyers, 1969; DenK, 1972) 
have made more of a contribution to computers in education. However, the mere existence of facility 
for simple programming has not led to intelligent use by any efficient route. Neither have manuals 
written for specialist users of package programs provided sufficient guidance for novice computer 
users. 

I visualize the siutation with the needed computing capability at the center of saccossive 
levels of user support. Software and manuals make up the first level of effort to reach the user. 
A spcond level I call "user interface considerations". Significant ideas can be drt.wn from 
engineering, information ard behavioral sciences to build effective tools for instructional 
computing. Th**? expertise of a number cf different scientists is involved in the intelligent 

:v.; selection or design of convenient terminals, co^noand language, file structures and other aspects of 

^ the interface with the user. 
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A third lovol provides ^jvc-n ffore convenient accc-ss for the user through applications prograns, 
piickatjes and conv-i-nient usor docuoentation, A fourth level in my view involves (Figur*? 1) general 
education about computers and the training of sp»?cific skills for users. These last two areas, 
applications ani3 training, will serve the majority of users on a small college campus; a snail 
minority are interested in progranoing languages and technical manuals. 

Ry the s^t of concentric circles in Figure 1, I m<^an to represent a p^i^rsp ective which might 
help 5?ome computing center dir*:c:tors service users. Sotue other diagram might be drawn to give the 
view of a faculty member or applications programmer. I want to point out here the additional 
services and consitlerations which must be added to compater availability to mak9 it convenient and 
appropriate for instruction. incidentally, I am not a proponent of interactive computing for 
instruction regardless of the application; in a number of situations I think it is much better to 
punch cards or enter commands and leave the system to do its work and return results in some 
convenient {probab"'y batch) mode of output. In face, the distinction between interactive and batch 
will decrease in the coning years until it no longer is a relevant dimension. Users will care only 
about distinctions between interim and final results or transitory and permanent records. 

For this audience I want to emphasize that the behavioral scientist makes an important 
contribution to instructional computing in the carefal analyfis and evaluation of instructional 
needs and computing resources, A pattern of resource developioent has evolved at the University of 
Michigan in which the student is introduced to computing through a simple programming application 
which typically is presented as a gaming or management situation. Before he tries of this game, the 
computer program or the teacher encourages him to look beyond the game at the underlying model or 
simulation on procedure* Most students then become interested in learning more about uses of 
computers in their discipline; soffle seek additional training to acquire specific skills and 
information for other uses of computing. The arrangement of resources is diagrammed in Figure 2. A 
similar succession of experiences and another diagram of resources has been derived from experience 
with the teacher-author. 

My differences with seme others working on instructional computing in college teaching may come 
down to a matter of strategy more than educational philosophy, some cay it is important to get each 
student to program at a very basic level, developing each new application according to his own 
conception of the procedure. Others say it is better to get the student to look at real examples of 
computing in the discipline being studied, attending to procedures at the user level rather than the 
programmer level. In fact, it should be possible to achieve some balance between these two views. 
My diagram of resources (Figure 1) should not imply any kind of rigid boundaries or comprehensive 
set of opportunities,, one should encourage the faculty member or student through whatever kind of 
computer use gets hira started, and then help him to move from that kind of ccaputer uce to another 
and from jne resource to another as may suit his needs, A teacher iray become interested in an 
expensive kind of desk calculator, but, because of a convenient user interface in the system, then 
try other package programs for social science data processing; such a computing center has done its 
usprs a good service. Furthermore, an effective arrangement of opportunities will help a faculty 
user CO become acquainted with how computers are affecting the lives of his students in general, as 
well as how they influence research and scholarly work within his discipline. 



PROJECT EXTEND AND THE MERIT NETWORK 

The Michigan Education Research and TnforK\ation Triad (HERIT) has established a computer 
network experiment. Information about this project is available in the progress reports and other 
publications listed in the bibliography. it has been working on engineering problems for some time, 
and so far its major contribution to small college computing in Michigan is one of communications 
and the assembly of resources. 

If the MERIT network, is successful, and so far the progress has been promising, small college 
users of computation and information files throughout the state will be able to draw on the greatly 
enriched pool of three or four large university computinq centers. MERIT planners do not propose 
that all computational n*reds will be met by the network facility; nevertheless, certain important 
resources fcr instructional and research prcgrans will not be economically achieved in any other 
way. 

Project EXTEKD was established within the MERIT environment to bring demonstrations and trial 
experience with computing resources to small college users. It draws from MEPIT an inventory of 
rather unique computing and information resources, attempting to rackare them for convenient use. 

Project EXTEN'D aliiO draw:i upon the various computing cr^nters, but particularly the University 
of Michigan Center, where the Michigan Terminal System (MT:j) originated. HTs is a rather usable 
computing service; it provides both remote batch .md tcfrminal accecr for college users with a very 
rich library of software on an Idh 360 dual 67 (Boettncr and Alexander, 1970) . A second version of 
MTS is being used at Wayne state University and also includes admina.strat ive data processing. 
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Figure 1: A Perspective on Service to Users 
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Figure 2: An Open-Ended Approach to Student 
Involvejnent with Computing Activities 



Project EXTEND draws heavily on the software and docum*^ntat ion provided by these computing 
centers; hoirever it has attempted tc adapt seme of these materials for saiall college users. For 
example^ the documentation on HTS is given in ven volutrsf-H; an EXTEND st^aff member (Davis, 1971) 
r<^duced it to a 50-pag6 primer. EXTEND staff are also working on task-oriented summaries of 
different program packages, including an abbreviated guide to use of the terminal, some parts of 
which can be cut out and stuck on the various terminal devices as reoinders fcr proper use. 

Project EXPEND also draws on the resources of the Center for Research on learning and Teaching, 
which has been consulting for ten years on various matters of learning ard teaching, including 
instructional use of computers. This office has beer the primary source of demonstrations of 
instructional computing for small college uses. However, its materials must be rewritten and 
adapted to fit the remote computing environment and to be usable outside the Oniversity of Michigan. 

The most important contributors to the success of inst r uct ioral computing are the departments. 
The ideas and judgments of people in the various disciplines are crucial to acceptance of new 
technology for learning. Project EXTEND staff have relied heavily upon teachers in the various 
disciplines. Not only is their judgment on the value of various applications crucial^ but their 
advice on documentation, user guides, and ether support materials is quite important, 

I feel very strongly that the contribution of the disciplines cannot be handled in some other 
way, for example, through computing centers, the administration, consortia, publications on 
instructional computing or whatever else does not include the leaders in the teaching of each 
discipline apart from computers. The decisions will be made, and the incentives will be provided, 
by those people who are leaders and set quality standards for what is important in the discipline 
and its teaching. Perhaps for a time, the field of instructional computing will be aided by a 
journal on techniques for undergraduate education; perhaps it would be handled more appropriately by 
an annual conference, a proceedings and similar one-time publications. However, the publications 
activity must be picked up by the teaching journals in various disciplines if it is to be recognized 
and survive. 

Initially, Project EXTEND was named to suggest the. -^pxtensions from research to instructional 
use of computers, and from large university centers to small colleges. For instructional computing, 
at least at the large university, a relation between research and teaching uses is very valuable: 
use in teaching is easier and more likely for a professor who makes similar research use of the 
computer; some research uses benefit through new ideas and programs developed for the instructional 
Use which can be applied back in the research activity. Almost before Project EXTEND began, it 
becdoe clear that it might as well be called Project EXCHANGE, Current computing activities at 
small colleges include as significant instructional uses as at the large universities. The project 
will make a major effort to pass around ideas and programs from one institution to another, 
considering the small colleges to be among the most important sources. 

The Project has nothing to sell; it offered time on the Michigan Terminal System only because 
UTS was convenient and available for demonstration vith a variety cf examples of instructional 
computing, I try to hide my prefer^^nce for large systems when I go into a small college for 
consultation; if I have any bias it is against providing the major amount of instructional computing 
a small college through a large university center. I wculd like to see a situation develop in 
I'hich the large universities which support research provide the computing procedures and program 
packages, and the smaller universities and colleges which excel in teaching will provide the 
pedagogy. 



SERVICES AND FACaiTY CONSULTATION 



Project EXTEND is attempting a translation of services at a large university to small 
institutions in the area. Small college computing centers must look fcr cooperative arrangements to 
assemble resources and expertise. I have argued that many different scientists have something to 
offer, and a small campus is not likely to have sufficient staff or the particular expertise 
required. Some of the services and support funct-ionis which Project EXTEND provides are listed 
below; the interested reader should Icok into our reports for details. 

1. Information. The files and technical memos of the project provide information and advice 
aboUw the capabilities of computers for use in ins':ructior>. The ?(ra ll-col legp administrator or 
professor if referred to various resource.'i: first those which may already be available in his 
institution or from a service withir. the state, an.l then to external sources such as newsletters, 
national directories and professional meetings. Ke try to make information easy' to access and 
rewarding to use. 

2. Demonstrations. A number of rather general demonstrations have been prepared, each one 
indicating another kind of computer contribution to learning. We try to adapt those to the 
individual if he is really serious about examining computf.T contributions to his particular subject 
and his way of teaching. That is to say, we hav-o consulting staff and a procj rammer who will adapt 
and extend a particular demonstration along the lines suggor-ted by a potential user. Sometimes this 

O leads to regular instructional use of the demonstration as modified by the professor. Again, we try 
to make access to thtrse demonstrations easy and their use rewarding. 
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3. Consultation and Training* Project EXTEND tries to provide advice and training in the 
context of the goals and needs of the students and their institution. Nearly every activity of the 
project involv<?s improving the learning resources for individual students. He advir^e individual 
faculty and provide training through workshops and written materials, emphasizing means for carrying 
on effective instruction. Th q development of computer-related instruction naterials is a primary 
subject of workshops and consultation; advice is offered on dev<^lcpin<?nt procedures, personnel 
requiremer.t s, appropriate equipment,, evaluation of outccmes, funding of further developwent 
activities, etc. In some cases, we give specitic training in progra»ining or instructional design 
procedures. Project EXTEND provides consultation and training at little or no cost to the 
institution or the individual, and the major co^t to the participating college is personnel time. 
We do encourage institutions to provide, as an incentive, tia.e release froo other duties; hopefully 
the support of one's peers also provides an incentive and is forthcoming if the work is of quality. 

U* Programming Assistance. Project EXTEND offers progra trming to meet the specific and 
individual needs of participating faculty and institutions. The staff work is done through a 
notation for describing instructional procedures which is scoiewhat independent of any programming 
language. This becomes the documentation for the instructional procedure, and a medium for 
communication between progranraer and teacher. To be successful in this area, we try to be very 
responsive to the ideas put forth by the faculty member. He is encouraged to make suggestions, 
observe their implementation on the computet and test them out with students. If it is easy foi; the 
designer of exercises to see a change followed through to execution, he seems more likely to make 
program changes as the need arises. 

5. Reproduction and Distribution. Project EXTEND provides special equipment and services 
that may rot be available on individual campuses. Faculty may generate aniirations by computer and 
find the production of short films an effective way to convey graphic representations to students in 
the classroom or individual study facilities. Supplementary written materials for computing 
exercises can be duplicated with Project EXTEND facilities. Perhaps more important, the staff of 
Project EXTEND assist with editing and production of manuals. It dees seem that the quality 
appearance of documentation is a great incentive to do further and careful work; furthermore, a 
specialties office such as that associated with Project EXTEND can do the work more economically 
than each individual institution. 

6. Evaluation and Reporting* The project provides information about local and national 
publications which might carry reports of instructional computing at participating schools. We 
encourage careful attention to evaluation of the activities, including objective measures of 
performance cr reports of student altitude wherever possible. Perhaps cere important is the 
professional rtview by peers in the same teaching area. The incentives for reporting activity are 
academic credits for publications and the increased likelihood of promctionH or salary increases. 

These ideas about services and support are still evolving through project EXTEND activities. 
For current details and examples, the interested reader should write to the Project EXTEND office. 



SUMMARY 

I have suggested that a consulting service at the small college or vithin some regional 
consortium has to take what the computing center or other computing services have to offer, consider 
the needs and requirements of the people in various departments, draw out the advice and assistance 
of the instructional resources facility, and bring these resources together for the purpose of more 
effective instructional computing. This combination has been acccmplishcd to some extent by the 
staff of Project EXTENC (Figure 3). 

for example, we rewrote the system documentation because we did not want the participating 
teacher to have to spend a week or a month I'-'arning about the system. He still have to provide 
useful updates to the participating teach»rr so he will not waste time aiaintaining current knowledge 
of the system. We write brie^ guides to use of the terminal, with stick-on reirinders at various 
places on the keyboard so that the student, who may have only brief experience with tht^ computer 
during a course, will not spend more than a few minutes learning the typing procedures and the 
ccmwaads of the systsn* 

I have pointed out the importance of determining whether the computing activity is really 
contributing in a substantial and ^^conoBic way to the learning and teaching resources of the 
institution. Many decisions about the resources at an institution are made on an ad hoc basis, such 
as deciding whether a library should buy a certain set of rtferenco works. Increasingly, decisions 
are made with a more careful analysis of the neods of learners and the specific contribution of the 
resources under consideration. lUtcaiise computing is br-lieved to bo expensive, and perhaps a luxury, 
it comes under more critical exa irina tion. Procedures and tools can te borrowed from other areas of 
science to assess the contribution of the computer, one of the products cf Project HXTKND will be a 
set of guidelines and checkliats for deciding whore and in what way to use the computer, and how 
much effort to spend on developing particular applications. 
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Figure 3: Combining Resources Through Project EXTEND 
for Instructional Computing 
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I do not have answers to the important questions such as whether a small institution must put 
resources into an instructional service center, or whether scae ccLsortiuo arrangement can provide 
the saoe or better service for lass money. I au sure, however, that some Kind of validation 
procedure and some kind of professional review of the proposed computing activities is needed if we 
are to be sure to move forward in the fiild of instructional cctnputing. 
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COMMENTS OH THS ADfllKISTR ATIVE/ACADEMIC INTEBFAC2 



Jacques La France 
Hheaton College 



wheaton College began vith data processing twelve to fift«=6n years ago i/ith the use of a U02 
accounting machine for the college accounting system. This was scon replaced with the U03 and then 
a U07 as the applications began to expand beyond the business office into the area of student 
records. In tiae the U07 was corabined with a 1620 computer, and with the acquisition of thQ 1620 
coaputer students scon became Snvclved. 

For a few years, the administration and the academic areas used the 1620 jointly, with a 
scheduling of each group to particular time periods. However, by 196S the use of the 1620 by both 
groups had becose so heavy that at certain time periods there weren't enough hours to go around, and 
each group tended to need to have the computer when the other one was supposed to h^.ve it. Students 
wculd need it to get class assignin9nts done and the administration needed it to get out some 
reports* At this time, the college decided that the only eftective scluticn was to get two separate 
computer systeras for the college,^ one for each group. Hence the 1620 and U 07 combination was 
replaced by a 360/20 for the data processing department and an iBrt 1130 was ordered for the academic 
departments to use. I do not know what the organizational plans were for the administering of the 
1 130 operation. 

Prior to the installation of the 1130 the college was given a PnP-12 computer on the condition 
that they would hire so"iebody on the staff with training in the area cf computer science to give the 
college leadership in the use of the digital computer in academic disciplines. The college accepted 
this and at that point the Academic Computer Center was established, and the director of this new 
center was hired in the spring of 1970, With the establishment of the Academic Computer Center, 
there were then two separate compUTer centers on the campus, separately administered and reporting 
to separate administrative officers. The department of data processing, which handled all the 
administrative use cf computers,' reported to the college treasurer through the business manager. 
The academic computer center handled all the computing needs of the students and faculty and 
reported to the Dean of Faculty. 

Since I'm the director of the acadeaiic computer center, I've only had experience on the caiupus 
under this t wo-3epartment system. However, I find that this has worked very well in that I have 
been able to devote my full attention to the academic computing needs and have not had to concern 
wyself with the administrative computer needs and the maintaining of the college records* Also, the 
students have had essentially unlimited use of the computer facilities in the academic computer 
center because there has been no need to work around the schedule of the administrative needs* As a 
result, all the- computing is done hands-on, primarily through running a small time-sharing system 
with 7 terminals for about U to 8 hours each day with the rest of the time period in each day 
.available for single-person use of the computer. 

There are some changes for the future that will affect this two-part system, however. The 
college has outgrown the capacity of its 360/20 with only IK of memory, since it was still being 
used with the sane- operating philosophy that was developed for the 407 accounting machine. The 
decision was male tc replace the 360/20 operation with a PDP-11 time-sharing system, with a 
completely new philosophy of data processing. In this new operation the various administrative 
offices will have terminals into the PDP-II system, and data entry will be by way of these terminals 
from the department that has the data to be entered, thereby bypassing several intermediate steps of 
transmitting the i nf crmation- to someone in the data processing department for keypunching, " Besides 
cutting out several intermediate steps it is expected this system will also improve the reliability 
of the data, by placing the responsibility for the accuracy of the records with those that are 
responsible for gathering and using the in forma tion. Third, it should increase the availability of 
the information since through the terminal the interested department can access the data on a 
ooaent's notice to retrieve whatever iiiformaticn is needed from the data bank. 

' It is also expected tha*- terminals on the TDP-II will be made available to students. This will 
help absorb the increasing student computing needs which are nearly tc the point of exceeding the 
capacity of the PDP-12 to handle them. This means that we are moving back toward a system which is 
used by both administration and academic departments. However, in this case, because it is a time- 
sharing system, neither group should interfere with the other as long as they have separate 
terminals or there is an adequate number of terminals. There is no firm plan at this point how the 
administration of the PDP-11 system will be maintained, other than the fact that the manager of data 
processing and I have an extremely good relationship. 

In summary, I believe that it's better for the academic program to hav^ two separate computer 
systems, or have one system which is a time-charing system so that the students liave essentially 
unlimited use of the computer, limited only by the demand oc the other students, enabling then to 
make use of the computer systeir at any time. Having a single batch system, I think, is not as 
desirable, but in many cases may bo necessary simply from the economics of the situation, in whicJ?. 
casi9 it would be better to have a single batch system than no system at all. But if possible, r 
would recommend having a separate system for the academic use or having a time-sharing systoia. 



COMMENTS ON THE A D MIN TSTP AT I V E/ AC AD EM IC INTERFACE 

Ronald Miton 
SwarthBorfe College 



Swarthaore College is a snail liberal-arts college, located in southeast Pennsylvania, The 
attitude of the administration towards the coaputfr until lust recently was strictly han<is-off. If 
you walked into an office and «aid, "Hov abciit putting something on the computer?", th«?y would get 
up and Walk cut, or they dida«t hear so well that day, or 5>0Eethir.g like that. At present, we are 
doing a lot of adainistra tive work on the computer, Cciinly because the vice-president put out a 
letter that said, "Use the conputer," That was all there was to it. 

We are starting to bring in the general ledger and accounting systeo for the business office, 
the alumni mailing list, which is about 22, 000 names, and probably aext month we'll do our first 
mailing, and nunier ^us other small jobs which f*rll our lot br-cause Miss SO-AN'D-SO who's been with the 
college fcr fifiy years finally retired and nobody knows how to do the work she was doing. We print 
things liKe payroll labels, which they used to print by hand once a week on the tine cards--about a 
three-hour job that we do now in about thirty secoadi:. other things are vacation and sick leave, 
which is a monstrous problem, mainly because nobody else can figure it out, or wants to be in charge 
of finding the sick leave every raonth. They blame it on the computer if it's wrong. 

Primarily* the reasons that we switched a lot of the work to the computer w^re (1) the grant 
which had specified that the computer vas to be used tor academic purfoses had expired, and <2) 
bocause cf present economic conditions the administrators felt that we needed information up to the 
date, rather than have it two years later, when we finally got aiound to getting that "new'' 
analysis, which was out of iate long ago. So that's what we are now working toward, to create new 
data-base files to do these reports that previously had to be done by hand by son^ebody going through 
accounts and taking off members. The computing staff at the college now consists of four people. 
It was one for a long tine. We have a Director of Computing Education and Activities, His primary 
purpose is to bR a politician, I gc around and ruffle the feathers, and he smoothes them down and 
takes them out to lunch and talks about their tennis game, etc, and gets them settled down again, 
Thore is th<5 Director ot th«^ Computer Center, who priQarily Keeps the pl^ce running, ruffles 
feathers, writes programs, and handles the operation of the computer center. We have a secretary, 
who does more computer operation than secretarial work. she comes in very early in the morning and 
doGG all the administrative running. And there is a keypuncher, who is a keypuncher fifty percent 
'f the time^ and also goes around to each department, discusses with them the newer projects, how 
they should lay out their work, and sort of helps them over the rough spots, like "what is a card?" 
and things like that. 

We operate the computer center from clx a,m, to midnight daily. Six a,m, to noon is the 
administrative time, and it works very nicely, when sc[cebody--not myself *-comes in at six a,m, and 
does all v.he administrative work, Nice and quiet. The telephone doesn't ring ?.t six a,m,, and you 
can get a lot of work done. From noon to five we're open for students. It is necessary to set a 
time limit on the machine which will kick them off after any time interval that we set. Usually, if 
it* s very crowded, we set it for five minutes; if r.ot, we just leave it alone. From five to six is 
usually reserved for one-hour runs or faculty. The faculty arc interested in APL, and they come in 
from five tc six. Six to midnight is reserved again for students, and the center is operated by 
student supervisors, Ke usually hava two a night, mainly bccciuse they can't hack six hours at a 
crack, so they switch off. This has run very well. Ever since the day the computer came in there 
have been student supervisors. Students are v^ry good at programming and can answor almost any 
question* in fact, I sometimes even have to calT them up and bail myself out, We«ve spent a lot of 
timo inproving the efficiency of the operation, «'"3 have about four-fifths of the operating system. 
When we started playing around with it, IBM came around with a little piece of paper that you have 
to sign saying you won't turn any APAP's in* We send them in aryway. 

Also, we like tc soup packages up. We are prej^ently working on a re-write of pELCV, We've got 
it running 300 percent faster than when it originally came. We operate the Frtll coapiler, which h^s 
increased efficiency in operation and also is a great aid tc students in writing programs with the 
logical stateaents* 

T have a problem: How can the computer center explain the operation of the coniputer to 
administrative personnel, who (l) aren't interested in the comput'ir and are being forced into using 
it, and (2) still think the old way is better? This is irort of like the problem yesterday with the 
faculty, but it's a little harder with the administration since they haven't been in a classroom for 
forty or fifty years and are not about to start. If there are any solutions, or it anybody has 
partially solved this problem, i«d to interested in he-iring about it. 
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CCKKEUTS OH- CCttPUTEF CEHTEB POLICY 

Richard Vogel 
Western Maryland College 



It looks like I will be touching on some of the topics that have just been in*?ntionod, because 
some of them will be affected by whatever pclicy people might use for obtaining or so.llin'i data- 
processing services outside of the college environment. First of all, I»ra sure each of you at one 
tine or another has connidered this possibility. It looks immediately attractive if for no other 
rf?ason th^n that it brings some extra income to the college, thereby defraying somewhat the cost of 
the hardware and staff that you have in your center. Another advantage that you can achieve by 
selling some time and getting a little extra iticoae is that perhaps ycu covild support a sooewhat 
larger ccicputer facility than you might otherwise be able to affor-i. Eight more K of core is 
awfully attractive, or an extra disk drive or something like that can be real, real handy. If you 
can drum up enough business to support this sort of thing, you can put yourself in real good shape. 

The other area would be in personnel. With the extra income you can support additional 
personnel. I'm not going to identify the particiilar uses that we have niad6--unless I'n a.sked--in 
selling services, but I*m just going to give you the general implications of a decision to sell 
data-processing services outside the college* 

. First of all, please be aware that you are going into business. You are no longer operating in 
an academic environment. -The reason I. say that is that you will now be faced with the problems of 
the production, distribution, and marketing areas of business; and there are problems in each of 
these areas that you must consider, or youMl get yourselves into very hot water. First of all, in 
the production area, you have to provide seme type of programs for your outside users to use* These 
can be in the form cf packages which you can create within the computer center, which you will then 
sell individually to different concerns, or you may choose to go on a custom programming basis, 
where you will approach people and sfe what they need, and will then respond accordingly. In either 
case, you must be prepared to devote some of your resources to writing these programs, either the 
initial packages or the custom programs as they come along. This is ar. open-ended operation; once 
you have taken this route, you must accept the fact that there will be im pro v<^ment2 that must be 
made to your programs. If it's a package, you'd like to enhance it; if it^s a custom program, you 
know perfectly well that if you give the guy this column of figures, he wants three more next to it. 

You will also be faced, in the maintenance area, with having to make changes in the programs 
that you have written for your outside users, changes that are not caused by the recju irements of 
these users; namely, if you change your hardware--go to a larger system — change manufacturers — you 
must bring your customer's programs along with you. if you change your operating systein for one 
reason or another, or the system approach that you. have, you will have to include them when you 
consider the programming changes. 

If you*re going to sell computer time outside, your custcciers are going to want th'eir payroll 
to be run on time, and it will be very difficult for you to convince them that there' is a student 
who is working on a computer science project at the moment and the payroll will have to wait until 
tcmorrow. You will be forced to do job scheduling if you have not done this already. Another 
feature of selling computer time, particularly because you are a college or university selling the 
time, is the concern of your customer with the security of his data and- his program. He has been 
reading tl-.e newspapers the same as you and T, and is convinced that every college and university is 
a hotbed of potential fanatics who are out to destroy the computer center. He is going to be very 
concerned that you will provide adequate protection for his work. 

In the distribution area of your business the problem is not quite co severe. As a matter of 
fact, since in most cases we are talking about a small college with a- single center, single staff, 
etc., really you don't get into this as you might if you had half a dozen different computers 
offering those services at half a dozen different locations. 

Remember, then, that you do have a marketing prohlero if you are getting into selling computer 
time^ You will have to supply your customer with a reasonably accurate estimate of his programming 
and operating costs for an application. You may not have had to do that in the past--I know we 
never did-- the registrar wants this job done, and she really doesn't care how much it costs and 
isn't going to get billed anyhow* So you just sort of do it ani] it gets done when it gets done. In 
addition to estimating the cost, you'll alsc have to set up scm*? sort of billing procedure., This 
means you will have to come up with a fairly accurate eva>y;{ition of your true cost for running the^ 
computer facility^ Since many of ug are not businessm-?n, ic is very, very easy to take a month*s 
rent, divide it by 176, and say, "Ihis is what the conputer costs," That's not correct. There are 
overhead expenses, personnel expenses, j ust an infinite number of considerations, so you must ba 
able to come up with the cost figMre properly. It muj^t not be no low that you are supporting your 
customers, and they are actually paying less than costs; and it must not be so high as to frighten 
them away. Again, if you're working as a service bureau — and please remember that the role of a 
service bureau, in general, is an introductory role for the 5?irall institution or s'^nall company to 
: get into data processing-- your customers will probably leave yo.a at rome point to get their own 
equipment, so you must make the coFt of the op^'-r/ition something that they can accept. Since you can 
on each of your customers leaving at some tlm-?, you must be constaatly prospecting for new 
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custonecs, bearing in mind what you havo to offer and who you would like to do business with. I 
would warn you in this particular ca.se about falling into the probleco that so many major businesses 
in tho country io, and that is becoming wholly dependent on one custooer. If you do, and if that 
custoBor pulls up stakes^ you can find yourself in a rather disastrous financial position. 

Now the impact of selling computer time on your regular data-processing operations is rather 
considerable. First of all," I think it is vital that you establish priorities in the computer 
center that you might not otherwise have done, tte tended to work under a flFO arrangement prior to 
this, but now such things as payrolls, periodic reports, etc, have had to take precedence over some 
academic and administrative work. You must have the support of your college if you're going to 
establish these priorities, and you must have these priorities if you're going to do business, I 
know we got into trouble when somebody who hadn't gotten the word found out that his job had been 
bumped because we were doing work for somebody outside, and he got pretty upset about it. 

You should pL'obably accept the concept of a closed shop. We do not have in our installation 
sufficient physical facilities to be able to lock up all the data that would relate to customers so 
that we could just turn over the shop to students with reasonable confidence that they wouldn't get 
into aj^ything. So we have just decided that it is strictly a closed-shop operation. Therefore you 
must accept the idea that you will need an operator. You aust accept the idea that you're going to 
have a certain amount of your machine resources dedicated, be they disk packs, parts of core, or 
whatever. There axe just going to be some things that are going to be unavailable to inside users. 
You must accept the idea that you must be a year-round operation. If your computer center closes 
during the summer time, particularly those that are academic-only types, very few businesses ^can do 
business with you. I don't know of any businesses that close for three months. So while you are 
making the decision whether to sell computer time outside, I guess the big question is whether the 
income will justify these "expenses." That is something you are going to have to determine within 
your own shop. 

I will give you a guide as to vher^ yoM can look for customers. We're in a very rural 
environment, a few thousand in the town. We have a lot of small business there, so you can look 
around for small business in the area, your local government--city , county government — ^public 
schools, particularly if you have some .sort cf terminal facility to provide, other colleges, junior 
colleges, ccmmunity colleges. It could be that you could work out an arrangement that your college 
uses the computer all day and the ccnsmunity college comes in at night and uses it. That might be a 
very nice arrangement. 

I will, in closing, point out the ideal customer that you're looking for. First of all, he 
does his own progxa mo ing, so that you don't have to load your staff. Second, he buys at least a 
full shift, the second or third, and is fully satisfied. And third, he is an alumnus of the 
college, because alumni tend to think that anything they can do to help the college is really great, 
and boy, that's worth something! 

So it's not al 1 a bed of roses. There are implicaticnfi, severe implications on the computer 
center operation; but it can be worth it if you set it up right. 
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COMMENTS ON C0.1PUTEK CENTER rOLICY 



Jim McDonald 
Morningside College 

Several years ago we stirte-d teaching a begii^ning FORTHKN prograaning course, and, having no 
computer of our own, we used the- University cf South Dakota, which is about M5 miles avjay. This 
aeant that I had to reserve the college sta tlon wagon and driv^ five or six students at a time so 
they could take prpgratnni ng . Lat€r we got aczc- organizations in town to lend \\b their computers, 
but these comoutors were only available at inconvenient tints, and they would just as soon bump us 
off then as any other time. So we wound up bach at -he Universi::y of South Dakota. Eventually, I 
got tired of driving and said, "I just want to teach mathematics, and I don't want any more to do 
with the coaiputer." 

At that time the National Science Foundation began a program, the Collrrge Science Improvement 
Program, and someone pointed out to me that we might be able to get seme money to get a computer of 
our own. Along with several other faculty mea;bers, I wrote a proposal to do this. It Wris during 
the first four months after the institution of this program, and I guess the N3F found out they were 
swamped with people vho wanted computers. They mov*c-d ijito the Office of Coaiputing Activities, and 
our particular draft was one cf the first tc go in there. Scnebody made the remark yesterday, I 
believe, that it helps if you're first, and I think that's right. Me were proposing an academic 
computer center; we were proposing that we buy an 1130, which we eventually did. We were visited by 
the NSF, and we did get a $M5,000 grant to help us buy the computer. 

This was still hard to do. Briefly, the installation that we got was a $ OU , 000-$ 1 00 , 000 set- 
up. It was an ordinary 1130, single disk, 8K, 1132 printer, 1UU2, etc., and ve bought two or three 
keypunches. The grant wasn't enough. It happened that at the time vo wore also building an 
addition to our science hall, and we had a Higher Education Facilities Commission grant, which also 
paid for a third of the contents of the building. It was logical to put the computer in that 
building. (This is where I would have put the computer anyway). We had 3U5,000 plus another 
$33,000, and it still wasn't enough to buy the computer. Morningside is a private church-affiliated 
college with about 1500 students. 

One of the neighboring colleges also r^^^quested money for a computer. It was also a church- 
affiliated school (same church) about 2S mi'les away, going after this same kind of installation. 
Their request was turned down, and we got ours. To take up the slack, we approached them to ask if 
they would like to come in with us on a joint operation. It seemed a feasible thing to do at the 
tim^i, and so we did this in 19G8. This other ccllege, about 1000 in enrollment, came in and bought 
about one-third-- well, it's complicated — take JUS, 000 away frcm the S 100,000, and they came in with 
one-third of the remainder. A computer contract was written up binding the two schools, one with 
the other. The-S^7,000 figure was one-third of the remainder after the grant was taken out, so it 
seeraed logical to set up a one- third, two-thirds ratio of use*, We have kept a log of the time of 
use from the beginning, and. it's been roughly that. We've been opetv froia seven in the morning until 
ten at night, and we have set up a schedule. Because the computer is located on the Morningside 
campus, tfce other college has been given the priority for choosing times. They' ve ended up taking 
two afternoons, two evenings, and one day — about 2S hours ev^iry week. This has worked very well, 
with only a few difficulties. When I've talked to other people over the years about this kind of a 
set-up, they've seemed amazed that the two colleges could get together. 

The other mathematics professor, who taught computing at his school, was as disturbed as I had 
been, because he had to drive so much; but still, the facility was much better than anything that 
either school had ever had before. We were happy to work together. Eventually he left, and I 
remai ncd. 

The one-third, two-thirds ratio also involved me. In the beginning I was teaching half time 
and eventually I saw myself having two full-time jobs plus half of another job, so I chose to remain 
as Director of the cotnputer center. The other school agreed tc pick up one-third of my salary. Now 
I belong to two schccls. Computer committees were established, one on each campus, which also met 
jointly. This involves two faculty members and two adii* iiiistrators from each campus and- my self .- It 
eventually appeare.d that it would be nice to hav.i the presidents on the ccmmi tt9*^.s, so we made them 
2ilici2 members. We had been doing things that they didn't know about, so we put them on to see 
how it'^would work out. This has helped. They now understand our • pr ohlems. 

My role, then, has been to report to the academic dean at each college. I write up a weekly 
report estimating the percentage of time I », ve spent on each prcjfct. Nobody has ever questioni^d me 
on these things. It's almost like I have'ny own separate installation. Nobody seems to know, or 
sometimes care, what's going on. So we go along with our applications. In the beriinning we set our 
usage at eighty-five percont for. student time, ten percent for faculty, and five percent for 
administrative applications. 

In the summer of 1960 the computer was installed on the Morningside campus on th^ 28th of 
August. On the 6th of September, by the time school opened, with a student's help, wero ready to 
do r«»gistr ation for our registrar. So wo did hav.? a commitment to the r«?gi r>trar ' s office. The 
business office had their payroll with a service bureau downtown. We oncourag»vd thera to leave it 
there until such time as we could afford to take it over ourselves. It's still there. I was the 



5f only mopber of the computer center staff* Our conter, as in the other school, depende^l entirely on 
students. He hir<=d students to do the registration and everything else. The other school 

v." . eventually hired a full-time administrative progcamiaer, assigned to the bu.^siness of£ice, and he did 
write a payroll package for them. They put their payroll on, but we stayed away from it. 

The. students who work in our center have been assigned to work with other students, with 
faculty metBberSr and to supervise the cooputer center. We have remained on a seven a. a. to ten p.m. 
shift. Students operated . the computer for the registrar and did a few other odd jobs for the 
adni n istration • 

We have had proposals from some of the other members of the Colleges of flid-America , an eleven- 
; college ccnsortiuinr of which both schools are nienbers, all church-relatcvi, and ^11 smaller than we 
are, to see if we could do some work for then, we took on cne of the other colleges right in Sioux 
City. This is an institution that taught the course on their campus and sent their .*5tudents to the 
Morninqside campus for hands-on time. Tlieir students were allowed to operate the computer with our 
I students supervising then. Ke had cooperated from the oeginning with then by leasing the computer 
to them fcr four hours a week whenever they needed it. 

We have a 1230 optical mark page reader which we use for our faculty for test analysis 

programs. We have worked with some of the high schools and some of the neighboring colleges in this 

area. We have developed some surveys of different testing and research techniques that some of our 
faculty as well as ethers, are using. 

A high school has now asked us if we would do their registration procedures. We didn't really 
want to take it on, but they'd cancelled their other contract before they told us. We were going to 
be there. • • 

As of June 1 of this year, we now have at Morningside a full-time programmer, assigned to me, 
to work with the administration. I see his as a multi-purpose role, too, because I would like to 
teach a course. I'd like for him to order the cards and paper and things like that, and allow me 
time to teach at least one course. 

'< A year ago, the Sociology Department within our colleg€--they have been a protty good user of 

our computer — made a proposal to the City of Sioux City (Sioux City has about 100,000 people, the 
second or third largest in the state). The city of Sioux City was makinq-a proposal to the 
Department of Transportation for one of the Alcohol Safety Action Project grants. There are some 
thirty or thirty-five of these in the United States. They wanted to use our computer to do the 

i evaluation. Our Sociology Department wanted to do this evaluation as a subcontractor tor the City 
of Sioux City. Their proposal was approved, with this work just beginning thifj sumaer. This is a 
a2-month grant to the City of Sioux City, so it's a M2-.Tior.th grant t o us . It's a 2. 1 million dollar 

;: grant to the city, with Morningside to receive fifteen to twenty percent of that to do the 
evaluation. The Morningside Computer Committee managed to use, from the Sociology Department sub- 
contract, enough money to help purchase a 1U03 Model 7, an 1133, and the Memorex 3610 disk drive. 
This has set us up with what we now have. We are expanding tc a 2'**hour day at least five days a 

; week, and perhaps seven. 

This has led to serious problems because of the contract with the other college. The contract 

that was set up specified certain things, and I see now the need for a lawyer. Each part of that 

i contract can be i n t erpr eted two ways because there are two schools. If there were three, it could 
probably he interpreted three vays. 

[' We have a 2U-hour/day schedule, with a contract that's quite beneficial, and the other 

i college — let's call them College A and College' B — College E feels that College A has taken undue 
advantage of the situation, and that College B should ha ve one-thi rd of th is $'iOO, 000. College A 
takes the view that the project is being done cn Col lego A's time, and that undar the provisions of 
the contract each school has the right to allocate its share cf the time to whatever use it chooses, 

\- as a precede'nt had b*-:en established. It was the decision cf ccll-i-go A to use part of its share to 
bring in some money for the college. Each college initially had been asked to bid on the evaluation 

[ sub-contract; College A was the only college to respond. 

i So this spring we had a lot of new equipment coming in, and I could just see myself coming in 

at ten o'clock at night and finding College B using CoUe-je A'S equipitent. I didn't know whether I 
would turn ny back or what I'd do. College B says, ''Wr? dcn't have enough money to help buy this 
5 equipment but' we want to use it.'*. Hell, whon you have a GOO-line-a-tninute printer «?itting beside an 
1 132r I would want to uije it, also. And whon you have five disk drives instead of one, I'd want to. 
use that, too. So I've been caught in the mid-r'.le, and have spent a great deal of time daring the 
i past year meeting with people at the collen«!S. As cf the first of June we had han<^led our problems 
r except that one night around midnight, when it came time for the ASAP project, the alcohol project, 
f to use the equiprae'hit for the fii;st time, they found that College D was using equipm^^nt on ASAP timR. 
I; I had a knock on my' door the next Mcnday doming, and I had to find out which contract was going to 
V be .honored. I found that one business aanager was gone for the summer and the other one was at the 
I lakes; one president was in Europe and the other was in Oregon. The president's secretary didn't 
v; seen to know who was in charge to answer my question. 5o t said, "Well, T'la in charge, and I'll 
i make the decision." Shr said the president would be back in town on the <»ighth of June. I said, 
"I'll be in Atlanta .on the eighth of Juno, and this is my decision. This is what we're going to 
_V_4o," I sent letters to the approj-riate people, and then I left town. 
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One of the cla^ises in the contract r>ays that eith-.-r party way buy the other p'irty's sh«ire with 
a one-year written notice, but that the otlr^r party ha.c thirty days in which to m^ike a counter- 
proposal. The !*aculty of Colle<jc A hai? tried to convlace tljo arlminintration that now ir; th^*. tine to 
give the cne-year notice^ that they should buy oat College p. This is probably th*? only rcHsonablQ 
approach, but problems still exi^t. what does CoJ lege a have and what dor-i: college B have? Does 
College B have one-third of the total e^iuipaent? Doos College D hcive one-'third of *:he $100,000 or 
one-third of the reoaining $55,000? Did US? give the grant one-third to Collecjr3 b and two-thirds to 
College A? Where does either college obtain cash to buy out the other? 

College B feels that it has one-third of the original ?100,000 including the $'<5,000 grant from 
HS?. College A's bxjsiness manager doesn't agree. I've done- a lot of talking to business managers, 
too, and lawyers and everybody else. I think what will happen--I have to say rhat up to this point 
the colleges have cooperated very, very well — is that in the natural course of events, each school 
will require its own computing facility. Each school is now using its portion of the time to 
capacity. Each school has a lot cf students working on the computer. Each school has several 
faculty members doing projects and teaching courses involving the computer. We now have FORTRAN and 
COBOL courses; we have taught an FiPG course and a prcgranning Languages course using an adjunct 
faculty nieiaber from the local comaunity. Long-range plans had called for the eventual termination 
of the contract in any case. How we'r^ right at the point in time, except that the way in which the 
termination is coining about was not part of the long-range plans. 

Each school wants its own computer; College B does ha ve a p lace in its new science ha 11 in 
which to put one. The computer coordinator has done a good jcb on each campus in promoting the use 
of the computer. neither school has a computer science aajor, minor or program of any kind. Each 
school has taught the use of the computer sort of like the library: a place to do research, a tool 
to be used in a variety of courses. 

My problem as to whom I report has really been no problem, because it. seems that the dean to 
whom I report at College A or College B is in complete cooperation with me; th« computer committees 
havs been in comolete cooperation. I have no vote in either committee, and yet they have never gone 
against anything that I have recommended. . At the same time I have never recommended anything but 
what I thought was needed and should be done. We have added, from the beginning, only one piece of 
equipment, and that was the plotter^ which each school uses quite a bit. 

■ I think the problem will be resolved, but I an now seeing the importance of having such a 
contract^ and having a good contract between two schools. 

The person that we hired tc work with the administration is a former student who graduated in 
June, a young man who came to the college with four years of experience working as a computer 
technologist with the Air Force. He could already program in a couple of languages when he came on 
board. I had had him as a student in night classes in COBOL when he was in the Air Force. I 
convinced him that he should be one of my advisees and that he should major in math with business 
administration as a second major. So we have here about 3.5 students versed in about six languages 
and really good at each, I see him working now with the administration: the business manager, who 
wants to put on his payroll; the admissions officer, who wants a "complete admissions package; an 
alumni director, who wants all his alumni put on; all of the deans in the college wanting various 
reports; and we are already completely committed to a registrar program. 

We have had some people approach us. with packages already developed for the 1130, complete so- 
called college systems to do accounts receivable, accounts payable, payroll, etc. These people say 
they*ll do a feasibility study, they* 11 come in and get all these programs up for us in whatever way 
we want. They will train the ladies in the various offices to use these programs. The price, it 
appears to me, is about. equal to what we're paying this man for one year. I don't thi^k that in one 
year I could expect him to get all that done along with the other duties that I'd like to have him 
do for me. I would like to yet some reaction frcm somebody here who has tried such packages or 
knows anything about people -who claim thM they can do. such a thing for a college. 

We have a decision to make, and I've attempted to get a decision from our president because 
this programmer is assigned to me. How will we use him? There is a job resume which I have written 
up. Does it look feasible? We have to establish priorities. which administrative office will we 
do first? Certainly we can't do them all piecemeal, concurrently. As yet we have reached no 
decision. I have been given no priority, because at the same time our administration sees an 
opportunity to sell time or sell services, mainly to some of our sister colleg-r,s in the Consortium 
and to the area high schools which want service. So, do ve have our aan working for the college^ 
writing its own system, or do we have hiia making money, so to speak~~in other words, making up his 
salary? 

I don't bf^lieve this man should have been hired to do services for people outside the college^ 
at least in the beginning. To ne, this seems an inappropriate use of his time. This is a policy 
that I will have to resolve in come terms right away. 
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THH FEDERAL CITY COLLEGE COMPUTER CENTER 



Jesso Mayes 
Federal City College 



The computer Center is established to enrich the academic programs of the College, and to 
enhance the education of students. The Center seeks to fulfill these purposes by formal and 
informal classes, laboratory sessions, dissecpinating int orm^. t lor. to stimulate the imagiaative use of 
quantitative and symbolic infornation, and by developing and stimul.it in g interdisciplinary curricula 
and seminars which relate to Computer Science. Although the computer is not used as a substitute 
for the teacher, it supports teaching and creative inquiry by., making available to the teacher 
teaching tools and classroom proc^edures which each teacher nay use to improve instruction. 

The objectives of the FCC Computer Center are to: 

1. Provide computer support in the advancement of Federal City Collegers aims in education, 
administration and research. 

2. Make available to every student dt Federal City College the appropriate instruction in 
computing, and required computing support in order to enhance his professional 
development. 

3. Study the latest developments in computing applications and technology in order to insure 
that the most modern productive computing tools are used by. Federal City College. 

U. Develop a major role in the District of Columbia's program for advancing higher education 
through the concepts of management information processing and computing applications. 

5. Provide the best computing facilities for solutions cl research and development problems of 
the college. District of Columbia, and industry for which Federal City College may be 
given responsibility. 

The academic workload, which constitutes isixty percent of the total system utili2ation, can be 
delineated as follows: 

1. Batch processing of student jobs in a wide range of languages (FORTRAN, COBOL, RPG, PL/I 
and Assembler) as well as use of many IBM supplied package programs for statistical 
analysis or linear programming, etc. 

2. Time sharing capabilities have allowed students tc interact with the computer using such 
languages as BASIC, FORTRAN, and Assembler. The use of this facility has proven to be of 
significant benefit in motivating the student in introductory courses, as well as proving 
to be invaluable tools for upper class students in finding solutions to problems in a 
wide variety of academic disciplines. The use of terminals has provided in excess of 
three thousand student hours per month with the computer. These tertninals range Crota an 
on-line registration system using TCAH to a remote job entry and spooling system using 
HASP, to a time sharing facility capable of supporting FORTRAN, PL/I and BASIC 
concurrently with other academic and administrative requirements. 

New developments; 

An on-line registration system has been developed for the College. The new system allows a 
student to fully register in one step at a computer terminal and eliminates card pulling, accidental 
overrun of classes, long lines. 

A new system of grade reporting has been developed for the college. On a quarterly basis, each 
student receives a grade report that not only shows his grades for the* quarter, but shows grades for 
his entire college career. This enabl^^s a student. t.o ree at a glance his position and progress 
toward a degree. Such reports not only benefit the r^tudent, but 5;ave many man hours by eliminating 
the need to respond to individual requests icr grado inforiraticn from previous quarters. The new 
grade reports are prepared in triplicate and the master copy can then become an official transcript 
of student records after it is signrd and sealed by the- Registrar. 

Based on the data processing requirements of the coll«rge, a comprehensive plan was put in place 
to meet the reqviire men ts. This plan called for installation cf an IBH 370/T45 with adequate core 
'and peripherals to replace the college's IBM 360/UO computer. The IBM 370/lUS was chosen for 
several reasons: (1) it was compatible with the existing Ibyi 360/UO, (2) it provided three times 
the computational spted of the Model UO, (3) for comparable configurations that would be applicable 
to the collegers requirements the 370/ia5 was less expensive than the 360/UO, (U) plus a technology 
that will provide the college with a higher degree* of systems availability, made the 370/1U5 a 
natural choice. 
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COMMENTS CN THE COMPUTER SCIKHCE/COHPUTBR CEMTER INTERFACE 

Robert Kylo 
Erccry University 

I'd like t.0 tin^ out how many peoplf; in this group coo9 from institutions of UOOO or acre 
students. How nany of you como from institutions of 2S00 or lef:^? Hew many comt: from institutions 
of 1000 or less studentrs? How tnany of you hav<9 your own computrir? Are thore any of you who don't 
have your own computer on campus? Of thos-s who ion^t havo their own computer on campus, how nany 
are using some kind of real-time systen or sharod system of some sort? so everyone in here is in 
some way already in the computer racket. Now let die get one mere pair of questions and then break 
off from this kind of audience participation. How many of you come from institutions where your 
computer is used almost — not necessarily altogether, but almost — exclusively for administrative 
purposes? Are there any people here xhose cojaputer is used altc^ether fot instructional or 
educational purposes? Okay, that gives me a good idea of where things stand. It's really quite a 
broad spectrum of interests and backgrounds, as one might expect. Meetings of this kind frequently 
announce that they are appealing to small colleges, but because small colleges can't afford to come, 
the mv: ium-size colleges, who think they're small anyway because they look at their budgets and 
realize what they'd like then to be, are the people who laake up the group. I'm pleased to see the 
broad spcctrua of interest. 

Th-2re were a good many cocxoents earlier about curriculum. I come to you in a sense from the 
American Society of information Science, a group with which I've had a good bit of involvement, and 
it is currently espousing a new curriculum look, inspired in part by "Curriculum '68. In the 
Aaierican Society for Information Science we would make the claiQ]--incidentally, I should preface 
this perhaps, with Harris's charge to me to produce some nice, controversial comments and bait you 
into a great deal of response--that information science is the basic routine, and computer science 
is a facet of it. This is also true of library science and several oth*=r fields which are quite 
different. All these have a common interface in an area which might he called information science, 
and as such, the American Society for Inf otmation Science recognizes that curriculum efforts so far 
have all teen so computer oriented, so s:pGcifically use-of-ccmputer oriented, that they've decided 
tc explore the possibilities of some more curri'culum material* One cf^fhe-i^nte resting things to me 
is that your comments this morning led me to realize that there has been no cbns iderat ion built into 
this plan, oer se, for the smaller schools. I think that's a big mistake, and i intend to try to 
see that something^Is done about it. I don't know how far this might be carried. 

I had previously thought, and still have some feeling, that the smaller schools have the same 
curriculum requirements that the largest schools' do. They may be richer or not as rich, dapending 
on circumstances, and perhaps have to substitute personal attention tor the extra courses. But if 
you're going to make that statement, then you find yourself facing the issue of how you go about 
producing that personal attention. ' The computer sciences lend themselves to this in some 
spectacular ways, I think. 

We have a program at Emory which we ' cal 1— fche^ H igh School Fellows for Information and Computer 
Scienco. This has grown out of an activity I'll bo talking about very briefly as we go along, but 
it involves some intense relationship with sooie of the high schools in the Atlanta metropolitan 
area, and we have invited the advisors of the schools, the people who are most involved in computer 
activities in these schools, to nominate one of their students — at some of the schools there are two 
of them--to come on our campus two days a week. They are expected to be there at least four hours a 
week, two hours a day. one of these hours is a very informal lecture. So far we've just made the 
rounds, taking the staff of the computing center, the p-^ople who are coapetent and interested in 
this kind of thing, and let them come in and talk to the Fellows for an hcur. We've generally had 
these talks unformatted; they've just been general discussions with a fair amount of interaction. 
It's a little difficult to get good interaction with high-tjchool students until they evolve some 
real friendship with you. They feel, apparently, quite accustomed to sitting in a classroon and 
being lectured to, and they're a little slow to assert themselves. They've gotten over that in our 
case, almost more than one can stand, but this has been a spectacularly effective program in some 
ways. 

As I see it, the most important concept that has coire out in the use of the computer for the 
support of other subjects, aside from computer science £or se — the inost important philosophy 
involved, at least--is to think of the computer as a pupil. This applies to the use of the computer 
in all subjects^-chemist ry , physics^ mathe3\atics , English, irodern languages, sociology, biology, or 
what-ha ve-you. In my opinion it has some potential in every cne of. these areas, not as a priaary 
tcol, but as an aid; and the idea cf compu ter-as-pupi 1 is central to its effective use. I like this 
idea. It's not an original one, but I surely hive made a let of mileage with it. The concept very 
simply is that everybody seems to learn a lot more when he's required to teach than he learns when 
he's reguired to listen, ani T don't know anybody who doe^^n't agree wi^h that idea. So far, 
everybody I've ever said this to says, "Yes, that's been my exper ic-rc 6. " Whether I'm talking about 
Sunday school or calculus, it's true. Well, the computer is a beautifully dumb, obediont, and 
demanding student, The student becomes a teacher when he's as.^siqned the task'' of instructing the 
computer to d^termin^ the velocity with which an object will strike the .floor when dropped three 
feet, with or without air resistance. And incidentally, when you use the computer, there's no 
reason tc. l^ave out air resista nee'' as probably everybody in this rocm did when he took physics. It 
applies just as well when you're talking about ion mobility or anything else. The idea of the 
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computer as a pupil, in my opinion, is the one that really ought to be pushed among all the 
ancillary uses of the computer* 

Now, what happened to these High School Fellows is a beautiful example of this, but in their 
case it is occurring in coiaputor science, wher^? it does not cccur so naturally. We have to operate 
on a Ijow : overhead with thesp beys, As a matter of fact, we haven't budgeted one {^♦^•nny for thooi, 
althou(jh"^*w<3 • ve tyiven them an awful lot of free computer timo. We allow them to us<? tho terminal in 
oy building, which is separate frcm the ajain conjputina conter, but they would overflow into every 
terminal oa caapus if we let theni. We kept the ^roup small; we had no idea how many we could 
tolerate in thiis kind cf category, because m<s Knew they'd be precocious, inquisitive, and demanding. 
A great deal of pressure has been placed on then to be self-effacing. If he sees anybody on the 
staff who looks like he wants to lise a terminal, the Fellow is supposed to stand up and say, "May I 
log off for* you?" Practically — it^s almost that way. Anyway they're good about it, and they're 
really highly liked by the oajcrity of the staff. 

I think thij. concept of "Come in and do it yourself" night be a very significant feature for 
any of the students that can be turned on. Mow about ten to twenty percent of the average student 
body is likely to get turned on if they're given fairly free access to a conputer with enough tools 
to learn how to use it. To get turned on for a year or so is all it takes to become really good, in 
my opinion. That doesn'T: neCi^ssarily mean they'll be computer scientists eventually. They may drop 
from it after that time. But they will have fitted themselves well fcr their role in a society 
that's so heavily compute r-based if they become intensely interested for that period of time. 

If you have ten or twenty percent of a stud--2nt body that is intensely interested, the spillover 
onto the rest of the students is treiDendous. The spillover onto the faculty is also treaendous, 
which is one of the places where it is very difficult to get it in py experience. 

Now to get to the more germane parts of the conversation — that was the preamble, and I'll take 
less time on the germane than I did cn the preamble, I believe — about two years ago we got the idea 
that we were hard-pressed financially. A lot of people had trouble locking at Fmory, which I 
believe is the nineteenth best-endowed university in the country, an being hard-pressed financially, 
but we, like everybody else, find that our income doesn't meet our expenses. There are a lot of 
problems. Me saw ourselves as needing additional computer capacity, A lot of people are horrified 
when we talk about that; we've got eighteen computers on can^pus for instance. It frightens even me! 
We're not really a big show in computing, or anything like that; we just have a lot of research that 
uses them. But this gives us a very strong place, of course, and many academic departments are very 
strongly involved in computer instruction. We hit on the idea that perhaps some of our less 
fortunate sister institutions in the immediate area might wish to participate in some of our gifts 
in such a way that we migbt mutually benefit. H-a hoped that we would be able to charge them an 
awful lot less than they would have to pay elsewhere. We could give them what they would choose to 
have, from student involvement on our campus, to terminal access, to remote job ontry ports — just 
about anything they wanted. We visualized a state network of private colleges. 

At the time we weren't fully aware of how far the public system had gotten in its network and 
that it was available to private schools. It seems that the public school people sort of forgot to 
mention to Emory that this was going on. We've wondered at times if there might have been some 
reasons for that. For awhile the University System shared three CPU's in a network: Georgia State, 
Georgia lech, and the University of Georgia, and a lot of serious consideration was given in the 
past year to the possibility that these three schools and Emory would share these resources. 

It has turned out that many of the private schools have felt a real reluctance about joining 
the university network, and they tell me it is partly because they have felt generally swallowed up. 
When they get into the system they do not have sufficient usage, sufficient voice to be sure of 
keeping a total role in the system. Nobody is out to get them, ncbody is taking advantage of thetn. 
The University System people are just as nice as they can be about that kind of thing, but they just 
sort of forget about the school of a thousana stud<3nts that doesn't have any facilities of its own 
and is strictly using the telephone system to get into the main net. This seems to have happened in 
seme other areas, and some of the schools have oxprerJsed a concern about it. I do not know how. 
valid this concern is. But there was an interest in using Emory as a "big brother", where we did 
have a staff and did have sufficient bacKground to speak on an equal basis with any of the other 
universities in the system. This served as the basis for the concept of the formation of a private 
university network. This has not been a highly successful concept. Except for Atlanta University 
where there are several of our terminals, a very modest amount is involved in this organization. 
Seme of the other schools that mike up the Atlanta University complex are expected to join in the 
coning year, so there will be a fair invoivement there. 

We tried to find what mechanism' could load us to a base for these other schools. First of all, 
ve established what we considered to be a r'=asonable contract. We allowed the schools to have 
access to ports to our system. He us^ what was RCA, a Univac Series 70/^6 for our real-time work 
and expect to expand the service in the iam<»diate future. We offered a port to this system using 
BASIC only, although we also allow_a,_ rather high-level text processor, CDP, an RCA editor. This is, 
in my opinion, perli.ips the best ed oi: "a vai lob io , at least the best I've had the opportunity to 
explore. Me do allow them to use a disk for string operations--text processing --and we permit also 
seme of the other minor activities to be used. We allow this contract for $600 including the--: 
terminal. If they are remotoly located there is, unfortunately, a communications-line cost which 
frequently equals the computer charges. The i600 allows unlimited use of the system from eight in 
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the morning to eleven- thir ty in the evening, and we also try to giv<r theo some h<?lp in getting 
started. Some of the schools w*? ^alkerl to had no computers. They are not as sophisticated as every 
cne of you. There are others that have been c-xp^r inenting with it or dabblincj with it. We see this 
as a valid activity for even more sophisticated schools. We have ar. alternate contract at $800 
which allows thea the entire use of the whole system. Beth contracts provide some disk storage; 
fifty of our PA.I pages, which is 20a8 characters, for the $600 contract, and. three times that ouch 
for the- larger one. So they get a fair amount of additional storage, enough to wake it useful and 
to get then away frcn paper tape and this sort of thing. 

We decided that the primary thing that oost of the schools we were talking to needed was 
financial support that they just couldn't ccice up. with themselves. The funds at the federal level 
at that stage were pretty w^ll dried up for this kind of activity. We concoivod another plan which 
I think has a great deal of merit, and I would like to propose, it for other schools to pick up, with 
or without cooperative features to some central system involved. We recognized that in the 
boondochs of Georgia, it would probably be ten to ' wenty years before any of the people in the high 
schools cr grammar schools have any access to a comput<^r if activities wencled their natural course. 
We suqgested that a very natural affiliation would be between the many colleges over th'^ state and 
the public schools. When you look at a nap of all the public and private colleges in any state, it 
turns out that they do follow population, they do cover the geography of the state, and there are 
not long transmission-lir.e requirements. Frequently there are no toll line requirements for 
reaching the nearest colleg-? from any place in most states. This means, to me, that the small 
colleges could become managers of computer systems to serve the public schools. Many of the smaller 
public schools can't afford a system of their own, and the private schools almost uniformly can't. 
There are thr«e in Atlanta that have done something along this line, and that's all, out of forty- 
five private schools in Atlanta. I'm talking about pre-college private schools at this point. The 
only one that's really done a major job received an unbelievable grant. Most of the secondary 
schools don't g^t unbelievable grants; this one did and has done a beautiful job with it. The 
others have jury-rigged and been hit-and-miss in their approach, and they have needed some other 
ki-nd of support. It appears to me that many colleges recruit a fair proportion of their student 
bcdies from the immediate area. Many uni iiersities and colleges feel the need for public relations 
with people in their general vicinty. I think there is a great deal of merit in this concept. I 
think there is, economically* a great deal cf potential in it. 

The small puhlic school systems and the private schools can't even afford computers for their 
administrative needs. The role of the computer in the classrccm as an educational aid in the high 
schools and grammer schools is up for grabs in two respects: One of them is that there aren't many 
people vho really understand what's going on and what the possibilities are. And, second* even 
those who do, don't really have good concrete data to try to justify a system. The primary 
advantage of the computer in these locations is the impact it has on the student outside of the 
course in which he studies the computer, on his attitude toward school and toward homework. There 
are potentials here that we don't even have time to touch on today. Eut I see thes^ things as being 
among the most important activities that a school could take on, and having the possibility of 
offering economic potential. 

We would like to see a network cf systems in which seme of the universities and colleges 
located around the state might have their own computer and provide a realtime service to the high 
schools; some others might physically transport some of the students into their schools on a fee 
basis to use some of their resources at: certain times of the day. We see other possibilities for 
minicomputers, compiling in a central location but doing all of their running on a strictly local 
basis without having to pay for communications lines. There are myriad configurations for this sort 
of thing, myriad orientations, many of which do have seme real potential. In Atlanta in the past 
two weeks we have organized something called the School Computing Council. Its purpose is to 
evaluate and implement these applications. We hope this will grow into something viable and 
important in Atlanta, and possibly other organizations might find this useful to consider as a 
concept for themselves. 
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Tho subcoramittee on Small college Prcgrams of the Cointnitte*? on Curriculum in Computer Science 
(C'S) , of the Association for Computin«j ^Machinery was appointed in 1969 to consij^er the unique 
problems of smaller colleges and un ivei: sitie.'?# and to make recommendations regarding progratas at 
such schools. 

Through the efforts of this group, with support from the National Science Foundation, an 
lt>stitvit<i was K^ld, ij\ the suffiw^r ot 1971 at Pnrdue Oniv^tnityr on ur.dergraduate cocipater science 
e^5i?.cation. At this instituti? fifty-three instructor.^ frcm smaller colleges and aniversities 
r«i:?»ived instruction regarding the teaching of coursc-s in discr-cte structures, program ning 
lan^juages, data structures, and operating systeois. In the process of evaluating the results of this 
institute, it became apparent to the connittee that rocoawindaticns regarding programs in cooputpr 
science specifically directed to the smaller schools were needed. It is the purpose of this report 
t<ii supply these recommendations. 

lu no ^^Y does the taaterial iu this report r<^;present a major program in computer science; 
rather a program is recommended for those schools vith limited resources, but with an interest, 
enthusiasm, and desire for some course offerings. Those institutions interested in, and with the 
r^^sources necessary for a major program, should refer to the existing reports of CS and other 
curriculum studies. 

The^Progran 

Included iu this report are the descriptions of fovir courses. Though the attachment of 
specific names has been avoided, the courses correspond roughly to the areas of algorithms and 
programmirig (Course 1), application of computers and their impact on society (Course 2), machine and 
systems organization (Course 3), and file and data organization (Course U) . 

Though these courses in a real sense represent a coherent program, they are so structured as to 
allow a student with limited objectives and limited time to pick and choose those parts most 
relevant to his needs^ it is anticipated that these courses can be supplemented with independent 
and directed study courses for those sti.\deuts desirisvg further «ork. 

The main constraint in a program in a small school is staff i^ize, and the related lack of 
multiple sections. Most schools have no more than one full tims equivalent faculty member available 
to teach . computer science, and in most cases the same course and section must serve students with a 
variety cf backgrounds and objectives. 

Course 1 is the introduction, which in most cases, gives a student his first experience in 
computing. This is accomplished prisvarily by the presentation of a higher level progrataroing 
language. course 1 is a prerequisite to the other three courses. Course 2 expands on course 1 by 
giving the student further programming experience. In addition the student is introduced to a 
variety cf applications of computers, and the effects that the.?G applications will have on the 
individual and on society. In .Course 3, the student gains familiarity with- various aspects of 
computer systems, and how the F^^ts of such systems interact. Finally/ in Course 4 the concepts and 
applications of data representation and organization are considered. . 

Three of the courses (Courses \^ 3, and (\) correspond to courses in "Curriculu^^ in basic 

content, however, there is a good deal of difference in structure and eiophasis. In order to allow 
as many students as possible-to take the courses, the prerequisite structure is hold to a iQinimuni. 
Also, in order to provide a moro general background, the Courses (especially courses 3 and U) are 
more concerned with concepts than with details of a particular systen^, or extensive programaing 
exercises. For example, in Course 3 no particular assembl<^r would be studied, but rather the 
general concept and vocabulary of computer systems would be presented. In this way a student, 
anticipating a career in business management could equip hims*?lf with the tools to select a computer 
system, without having to bury himsc=ilf in the dvstails of a particult\r s^stecR. 
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Course 2 does not have an equivalen*: in "Curriculum This course in applications would in 

oost cas<»s be the natural sequel to the introductory- programming courses, , It combines further 
experience in programming with a survey of application areas. Though programming would be an 
integral part of the course, som-iithing of the ovr^rall descriptive nature of the program would be 
involved. Where possible and appropriate, tho students would be expected to use programs and data 
bases that are available; thus, for oxaiple, if the class ver»? studying simuLi t i on , it would be 
appropriate for the student to gain experience by playing seme ccinputer based gaaio, and possi^jly to 
study none of the techniques involved in writing appropriate programs, but not necessarily to write 
gaoe playing programs* 

By the implementation of this prograo^ ir. V: '':ruc* ion would be available to all students on 
canpus, at the level of being able to cooiaunicato 2 ;»telligentlY with a comput'^r. In addition, 
advanced instruction would be readily accessible. For the student anticipating a career in 
computing, or considering application for graduate work in computer science, several approaches are 
possible. Independent study courses can provide introductions to certain topics; such courses in 
assembly language programming, programtning languages, or even scnio large scale programming project 
would be appropri jit 6, Also, since we are dealijig with small schools, cooperation with other 
departments can be anticipated. Through this interdepartmental cooperation, certain courses can be 
modified to serve the stuijent anticipating grad'iate work in ccmpiiner science, such a studont should 
be advised to follow a mathematics curriculum, and could anticipr-\te taking at least a corapater 
oriented course in numerical analysis, and a course in abstract algebra that would emphasize 
computer applications. Finally, with the general introduction of computers in the undergraduate 
curricula as is documented by the Conferences on Computers in the Undergraduate Curricula {1970 at 
the University of Iowa, 1971 at Da-rtmouth College), it seems reasonable to anticipate that an 
interested student can select several courses from various disciplines that make significant use of 
computers. 

I cplementat ion 

One of the purposes of this [jrogram is to ensure its implementation with a minimal staff. 
Obviously, computing eguipment must also be considered, and since most small schools are working 
und ' a small budget for computer services, the course structure reflects the fact that extensive 
compx^ter power will probably not be available on campus. The courses recommended require that the 
students have access to a computer - which has a higher lev^.l^progra mm ing lanquage for student use. 
Only one higher level language is required, inasmuch as every installation satisfies that 
requirement. If additional languages are available, their use might be appropriate in one or more 
courses, whether the computer is a small stand-alone or one or more terminals makes little 
difference. The important requirement is that the students have easy access to the eguipiaent and 
good service, both in terms of turn-around time and debugging facilities, 

i 

As important as the computer science course structure is, the most important area of computing 
at a small school is the service area. The cost of computing on campus, both in terms of equipment 
and personnel, can only be justified if computing services are used cn a campus-wide basis. To 
achieve this, an excellent development of Course 1 is necessary, as well as the development of a 
community cf computer users on campus. For schools that are not already involved in such programs, 
the first efforts must be made in these directions. In fact, the first course, and the development 
of users on campus, should be the first responsibility of the faculty member in charge of the 
development cf computing, and the introduction of the additional course work should take place after 
these aspects of the program are completed, ^ 

The program requires one full-time instructor. In most cases. Course 1 and Course 2 would be 
offered each semester, while Course 3 and Course U would be offered once each year. It is common 
practice in small schools to have the computer science faculty and computer center staff one and the 
same. It is clear that the demands of this program (at least 9 hours per .-semester) make this 
situation impossible. Thus the instructional staff and ccmputer center staff should be separate; 
however, it would be possible (and probably desirable) for the instructor to have' some 
responsibilities in the area of user services. 

Another common practice in small schools is to take a faculty member from a department that is 
a computer user, and assign him responsibility for computer science instruction. Such a practice 
often leads to thp. coursei^ not being cotnputer science hut rather applications of coTaputers% 
Whenever possible tliis should be ovoidr»d, but if it is necossary, th<r instructional material should 
be clearly separated from any other department of the school. 

It is well to note that the present market situation places a small 'school in an excellent 
position to hire a computer scientist, wher^ possible this should be done, at least to the extent 
of bringing in the individual responsible for the impleiiontation of the prograi, where this cannot 
be done, a commitment should be m»":de to allow an existing faculty member to develop himself in 
computer science education, Sumtr.cr progracj:; t;or this purpose are not plentiful, and doing such work 
in the normal environment of teaching and oth^-r responsibilities at the small school is close to 
impossible. Thus, where an existing faculty member is asked to be responsible for the program, it 
is strongly recoirmended that l:his faculty member be cjranted a year '5; leave tc work and gain 
experience in a computer science department. It is also recommended that universities with the 
facilities develop pxograins that will assist these faculty members in achieving their objective. 
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As with ^ny profjrara^ the urual supporting; faciliites of the ccllege are necessary. Though no 
great anicunt of sp«i cialized matorial is "^jxp^ctfrd^ it should fce recofjnized that thpr<? will be a need 
for a rather large initial expendituro in the aroa ot library matf^rials, both books and periodicals. 
To provide a starting point for the devcjlopirient of a collection^ a library list is included in this 
report. 



Courses 

There is much evidence that some f^xposuro to computers should be an essential part of every 
college studcnt^s education. Many students will become users in their chosen occupations. Included 
in this group would te teachers^ managers^ . researchers^ and programn^rs who will need the coniputers 
as a tool. Other students will become directly involved in computer education and the computer 
industry. Ml stMd'ints will be affected by the use ot cotnputeis in our society, 

Miniiaally^ 'students should acquire scne understanding of the implicit i onr> of the computer 
impact on individuals^ organizations^ and society- One way in which an academic instit\ition can do 
this is to offer a survey type course in computers and society. However, there are some inherent 
difficulties with such an approach, particularly in schools which have no moro than one or two 
faculty Biembers in the computer science ar^a. The breadth and amount of knowl-^dge needed to give a 
worthwhile ccurs? of this type almost precludes it being offered by any one person. Developments 
and applications span such a wide range of areas that faculty from a variety of fields would need to 
be used. The course then might take on the flavor of a lecture series in which students would be 
present^^d a great deal of information but almost no feeling about what a computer is or how it 
should be used. 

A better approach, as well as a more practical one in terms of faculty utilization, would 
consist of teaching fundamentals of co&puting in a first course and allowing students the option ot* 
acquiring additional knowledge through their own reading, on-the-job training or further course work 
in computer science or other disciplines. The first course describod below follows this approach. 
It plays the role of a beginning course and the prerequisite course to each of the other three 
courses described. The latter three courses are designed not to be sequential. However, the most 
desirable path through thera for students taking all of them would be in the order presented. 

There is an intended over-lap in material among the four courses, some ideas are worth 
repeating at different levels. Also, the same problem or concept can be enhanced by looking at it 
from different points of view or by bringing different material to bear on it. 

Very few matters related to courses or curriculum are generally agreed upon among computer 
scientists. The question of what language to teach"" in a first course is no exception. Although 
there appears to be general agreement that a higher level language should be prrrsented before an 
assembly language, there is substantial difference of opinion regarding the specific language to 
use. BASIC, FORTRAN, a hypothetical language, and PL/1r to name a few, each have a band of 
advocates. FORTRAN IV is still the most widely used general purpose language and is the most easily 
transf .arable from computer to computer. Despite its shortcomings, FORTRAN IV would seem to be the 
most useful for the greatest number of students, and is the language recommended for the first 
couse. Pl/1# if it is available^ could be chosen in place of FORTRAN, particularly because its 
capabilities for nonnumeric applications make it useful in courses 2 and ^J. If strong reasons 
compel a different choice of language, seme modifications might he necessary in course topics or 
approach* The introduction of a second language (e.g. ALGOL, A?L, Sl^OBOL U) is not recommended; it 
greatly decreases the programming experience and competence the student acquires in the first 
course. 

COURSE I (3 CREDITS) 

INTRODUCTION. This is a first course which emphasizes good programming techniques in a higher level 
language. No computing backgrcund is assumed. Upon completion of this course, the student should: 
a) have practical experience in programming, including modularization of both a prohlera-and a 
program for its solution, debugging, implementation of basic data structures such as lists, and use 
of "canned" programs; b) know basic characterization of computer organization; c) be able to 
distinguish among program assembly, 1 oading , com pi lat ion and execution, including some of the kinds 
of programming errors that can occur at each stage; d> know the details of the language and have a 
basic idea of the relation of its statements to machine code. 

The list of topics for this course does not differ substantially from the topics incluuttd in 
the outline of course El in "Curriculum ^eo," however a shift in emphasis is recommended . Course B1 
stressed the notions of algorithm, ..problem analysis;, and the formulation of alaorithms for problem 
solution. Learning a language, practice in its use, ani concepts of computer organization were also 
emphasized, but mainly as the moans to obtain the actual solution of the problem. Unfortunately, no 
texts have appeared which have achieved the gcal of presenting the subject of problem solving in an 
<>ffective way (several books by Polya might be considered exceptions to this stat»'-nent but they are 
not of the algorithmic orientation specified in course HI). Judging from the great variety found in 
introductory computing courses few, if any, teachers have been able to achieve the goal. It is not 
an easy problera to solve. ' 



On the other hand, it is possible to teach vrogrammi ng t^^chnigues with the aid of a language 
f-nual and, possibly, cne of the existing texts. The latter books could be used ds a sourc*^ of 



problems at least, and, in some cases, to sup]>loinont discu;-.r>icns of appropriate progranning 
techniques applied to specific classes of problcDs. Hy concentrating on proq.raromi ng , th'^ instructor 
is better able to teach a language:, put it in {jropor por sp*rCtivo with computer orgiin iz^t Ions and 
systems, develop good progran.ming practices (includinq coding, debugcjing and documentation), and 
motivate the need for algorithms in the solution process, Studonts nhould be required to use 
subprograits extensively (both their own ancl ones that arer provided) ; this , in turn vould encourage 
at least one good problem solving technique - bre^iJcing up a problem into icodules. 

An inportant . benefit to the general approach su<3gested here is that the course is more easily 
defensible as a service course, students could be urged to find problems in their ovn field of 
interest which they would program as course projects. Duplication of first courses for different 
groups of students could be minimized, and, possibly avoided entirely. For the first few semesters 
it might be difficult to obtain reasonable problems from a variety of arc-as but, as more faculty 
members become users, they will become a source of good problems. In ad(Ution, a collection of 
(possibly large) data bases and subprograms can be accumulated and used as files to be referenced by 
student programs. The degree of success achieved by th-r conputer center In developing a community 
of computer uners has a signifrcant influence here. As a result, sonie very interesting and 
nontrivlal probleas can be considered bonh in this course and in Coarse 2. 

The course should be scheduled to allow for laboratory-like sessions for small groups of 
students, ^n instructor may want tc scatter these sessions throughout the semester, or bupch them 
at the beginning of the course and let the students program on a mere individual basi s toward the. 
end of the course. Whether or not the laboratory sessions should be regularly scheduled is a matter 
that is best decided by the instructor and/or the department. 



CATALOG DESCRIPTION - A first course in prog ramtaing using the language FORTRAN, Introductory 

concepts of computer organization and systems. Programming projects, including at least one from 
the student's field cf interest. 

OUTLINE, Material in this course need not be presented in the seguencG used ir. this outline. Some 

topics (e.g., cot^puter organization) should be distributed throughout the course with increasing 
degrees of detail. 

1. Overview of a compu'ier. Hardware components; how programs ar.e executed. (5%) 

2. Overview of problem solving process, beginning with the problem statement and ending with 
verification of the correct computer solution. 

3. Introduction to the specific computer environment in which the student will work. 
Inforiaation needed by the student to interact with the computer in this course. (5%) 

*». Language details. Components and types of assignment, control, and specification, 
•-statements; data representation and structures; storage allocation; I/O; subprograms; 
local and global variables; common and equivalence statements. {30%) 

5. Programming techniques. Segmentation; comments and other documentation; debugging; 
library subroutines. (15^) 

6. Simple data structures and list processing. Pointers; structures such as strings, 
stacks, linear and circular lists. (10%) 

7<, Limitations of FORTRAN. Mon-numeric programming; recursion. (5%) 

8. Computer organization and systems. More detailed presentation of hardware and systems 
software, including registers, instruction * codes, addressing, assembler, loader, 
compiler, and characteristics of components; peripheral units; past, present and future 
developments. (20%) 

9. Examinat ions^ (5%) 

TEXTS. A language manual, either the manf actur er* s or one of the numerous manuals and primers that 
are available, should be used. Also, any local documentation concerning the installation's computer 
and/or systec should be readily available. No current book covers the material as presented in the 
outline, but parts of many books could be used as source material or student reference. For 
example, the following references are pertinent: 1, 2, 3, 10, 13, 16, 21, 23, 27, 31, 33, ^^ , 
62, 67, 71, 72, 7U, 75, and 80 h-k. 
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COUPSE 2 



INTRODUCTION. This course enphasi^es the ^jse of computers in a vari<5ty of problem areas. It is an 
applications ori<int€d course which should give th<? student concr'ete experience in solving 
representative problems of a practical nature. As in Course 1, large data bases can be established 
as experience is gained in teaching the course. Discussion of probleos and probl*^ro areas should 
include algorithms, application of techniques from Course 1, and social implications. Nev concepts 
and tools (e.g. complex data structures, tr<=e search techniques, -sorting methods).,- can he introduced 
as required in the context of specific problems and the need for additional tools, including 
different kinds of languages, can be motivated. Occasionally, it night be? feasible to invite a 
faculty aeinber from another department or university or a local businessman to supplement material 
on a topic. Student assignments should vary,.~both in depth and in subject areas. In particular, a 
student Mho has cotopleted Course 3 or U should be expected to use different techniguec and solve 
larger or more difficult problems than a student who had cornpl-2ted only Course 1. Students should 
be encouraged to discover and solve problems in their own ai'sas of interest. 

Because students in this course have completed a programming course, no discussion should be 
necessary on such topics as what a computer is and how it works, number representation, flowcharts 
and other elementary matters included in a computer appreciat ion- type course. However, a discussion 
of various systems {timesharing, batch, etc.) should be included so that students are aware of the 
kinds of computer environments in which problems are solved. 

The instructor should pose a suitably difficult problem in a real context, indicate possible 
approaches to its sclutionr break it up into smaller problems, discuss appropriate algorithms, 
introduce whatever new topics pertain to the problem, and let the student write a program to obtain 
the solution. (If an entire problem is too .difficult to solve in this way, one or more subproblems 
can be identified and handled as described- More advanced methods can be indicated when appropriate 
and the student can be directed jto appropriate references. Social and historical implications can 
be discussed at various stages of the solution process. As the course progress*^s, students should 
be expected to do more analysis and algorithm writing than specified above. The desired effects are 
that the student becomes acquainted with the computer's impact in a number of areas, is exposed to 
concepts and methods applicable to different kinds of problems, and gains practical experience in 
solving problems- ^• 

CATALOG DESCRIPTION. Prerequisite, Course 1- Social implications- Computer applications in areas 
such as file management, gaming, CAI, simulation and modeling. Problem solving with emphasis on 
analysis, formulaticn of algorithms, and programming. Projects chosen from various applications 
areas including student's area of interest- 

OOTLINE- The selection and ordering of topics is highly dependent on the local situation. The 
topics are listed separately but should be combined as, ...much as possible during discussions of 
specific problems. Problems and projects should have a', practical flavor and should use a variety of 
computer oriented techniques and concepts. Attent ion should be given to the kind, of technique that 
applies to a particular class of problems but not to other classes of problems- Each problem 
should be discussed in such a way that the student is aware of its relation to a real. world context 
and sees the copputer as a natural tool in the solution process.. • 

1. Computer systems. Batch and :interactive;- real time; information management; networks. 
Description of each system, \how if differs from the ethers and kinds of applicatons for 
wjhich each system is best suited. / 

2. Large. )data bases. Their establishment and use; data definition and structures. (10%) 

3. Errors. :T handling them. (5^) 

t*. Social implications. Human-machine interface , privacy ; . mora 1 and legal issues. (15X). 

5. Future social impact. Checkiess society; CAI; national data bank. (10%) 

6. Languages. Business oriented; list processing ; simulation^ string and symbol 
manipulation. Brijef exposition of characteristic s . which make thesri languages appropriate 

■ ' "f or" pa r t icu la_^^c lasses cf problems. (15S) 

7. Concepts and techniques used in solving problems from applications areas such as CAI, 
data management, gaming, information retr ieva 1, and simulation. (25%) 

8. Discussion of completed projects and/oc examinations. (5%) . ' 

TEXTS. The underlined referonceK cited below could serve as basic texts for this course. Wany 
books and magazine articles could provide u.'jeful supplcnenta ry .material either for clfisj? use or for 
student cr teacher reference, only a sampling of the availabio material in included in the Library 
List: 2, 7, 8, 11, 15, 16, 17, 16, 33, 3S, U3, 55, 56, 58, 60, 61, 66, 6Q, 70, 71, 7.1, 79a, 79b, 
and 80h-k- j 



COURSE 3 



IHTEOOacTION. This course emphasizes the r<^lationsh.i ps between computer organization (hardwaro) an<l 
systems (software). Each component • s organ iza ti on should be disjcussed a^^ its features should be 
related to the implementation of prograir;aing language /f eVt'u r es"' and to assembly language 
instructions. Whenever pocsiblo, explanations should be included as to why specific hardware 
features are better suited than others to certain types of problems cr environnents (e.g. r^al tine 
cooputir.g, interactive systems, data processing, scientific applications), and how this could affect 
selection of components. The effects of adding or changing components should be viewed with respect 
to coFts, capabilities, and software. Minicomputers should be discussed both as stand-alone 
computers and as components of larger systems. 

Programming in assembly language should not be taught as such. However, students should be 
exposed to the use of macros and microprogramming. They should acquire a basic understanding of , 
monitors, interrupts, addressing, program control, as well as implementation of arrays, stacks and 
hash tables. In snort, they should become faoiliar with assembly language concepts but in relation 
to their use in the total computer environment rather than through extensive programming. The need 
for assembly language programming experience is no longer great enough to argue that most students 
should have it. For those students who become interested in it, a special study course can be 
provided. With the background acguired in Course 3, a student should be able to gain programming 
experience without much additional guidance. 

CATALOG DESCRIPTION. Prerequisite, Course 1. Relationships among computer components, structures 
and systems. Hardware features, costs, capabilities , and selection. Assembly language concepts and 
iipplementat ion. 

OUTLINE. Because this course is, at least to some extent, dependent on the specific computer 
available, the selection, ordering, and depth of coverage of topics vill vary from institution to 
institution. 

1. Processor. Arithmetic and control functions; . relationships of features to language 
features; data handling; addressing. (20%) 

2. Memory. Various, types; ' cost, capabilities, and functions of each type; direct, random 
and sequential access; implementation of arrays, stacks, and hash tables. (20%) 

3. I/O. Types, costs, and capabilities of units and media; control ; channels; interrupts. 
{20%) ^ / 

Communication among components. Effects of changing configurations; interactive and 
real-time systems. (10%) 

5. Minicomputers. Capabilities as stand-alone computers; components of larger systems; 
costs. 00%) 

6. Assembly language concepts. Instructions and their relations to components included 
above; macros, microprogramming. (15%) 

7. Examinations. (5X) 



TEXTS. No available text is suitable for this course. Material can be drawn from the following 
refer<^nces and from manufacturer's manuals: U, 5, 6, 14, 17 , 25, 26, 28, 29, 30, 32, 34, 37, 38# 
39, UO, U2, aa, 45^ 46, 47, 52, 55, 55, 57, 63, 64. 65, 68, 69, 76, „7e, 80a, and 80c. 



COURSE 4 

INTRODUCTION. This is a course in file organization and manip»ilat i cn. It stresses concepts, data 
structures, and algorithms used in the solution of nonnumerical problems. Proper motivation for 
each should be given; an encyclopedia approach is not inteiid^sd. Whenever several methods for 
achieving the same result are discussed (e.g., sorting or searching algorithms), comparative 
evaluations snould be included. Differences between using cere only and core plus auxiliary memory 
for various applications should be pointed out. If appropriate hardware is available, students 
should be as£iigned programming projects tliat require performing operations on large data bases and 
that require manipulating records on auxiliary memory devices. Immediate sources of problems Jire in 
the areas of mailing lists, registration, scheduling, student records, library auto?r«ation. if a 
suitable language for list processrng'a-pplicat ions is available, it cculd be taught and used in part 
of the course. Otherwise, characteristics of languages for this purpose should be given. 

. r • , . i 
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CATALOG DESCHIPTION, Prerequisite, Course 1, Data structures, concepts and algor ithm.'i used in the 
solution of nonnuoer ical problems. Applications to data management systetas, file orgauizat ion , 
information retrieval, list processing, programming languages. 



OUTLINB. Heither mathecid tical applications nor ajatheiaat ical properties of structure's is included in 
this outline. They could beccm'^ part of the course if students have sufficient backgroun^. 

some of the topics are discussed in Courses 1, 2, and 3, only the axaterial in Course 1 is 

Stacks, queues, arrays, lists. Structures; algorithms for manipulating, storage 
allocation and maintenance; applications, (2595) 

Languages for list processing. Features of one or more languages (o.g. LISP, L* , PL/1). 

Trees. Binary; threaded; traversal schemes; storage representation; applications. (25%) 

Hash coding. Addressing; collisicns; applications to symbol tables. (10%) 

Searching and sorting. Comparison and evaluation of methods; techniques for use with 
auxiliary . memory devices; applications. (IS'^) 

Comple/ structures. Hierarchical; indexed sequential; inverted list; multilinked; 
applications to large information systems including case studies with illustrations of 
why they night not work. (15%)-- 



A IthouqK 
assumed « 

1. 
2. 
3. 

5. 

6. 

.7. 



Examination s. 



TEXTS. A text for this course could be chosen from the underlined items included in the following 
list. However, the text. would have to be supplemented with matc^rial trcm other references. 



80c. 



9, 12, 19, 20, 22, 25, 27, 30, 36, UO, 43, 46, 48, 50, 53 , 69, 80a, and 

The four courses described above are designed to service a broad segment of the undergraduate 
student body ^ith an e^ttremely limited number of faculty members, possibly on?. students should 
also have the opportunity to take computer oriented courses in their cwn departments. The number of 
possible courses in this rategory is too great to try to list. Instead, we will., recommend 
additional courses for the student who is seriously interested in computer science, whetHier of not 
that student intends tc pursue a graduate degree program in the field. 

Each of the following specific courses could be given for special study to one or a few 
students or as- a regular course if the demand is great enough and an instructor is available. Other 
topics could be included, but. might not be possible to implement in a practical way unless access to 
a large computer was available. 

a« Assembly Language -programming . • This course would enable a student interested in systems 
to apply the concepts learned in course 3 and would provide a means to become introduced 
to systems programming. Manufacturer's manua Is ' would initially serve as texts. The 
C0SIN2 Committee's report, "An Undergraduate Course on Cperating Systems Principles" 
(June 1971) provides a number of ideas for possible topics and references after the 
student acquires some picgramming experience. 

b. Structure of Programming Languages. This course wou Id. include an introduction to 
grammars, languages they generate, scanners, recognizers and other topics as time allows. 
A suitable text would be Ccnpilfir Qon^tr^ct i^cn for OisAt^l Coinnu22Is by David Gries. 
, Supplementary material could be takon from "TGn Mini-Languages'* by H. F. Ledgard or A 
- ' SSOLBlLSLliviL 5.i.U.4l QL E?.2Hi^l!l^ill3 L^H^l^ilf:!! ^- Higman. Also the features of languages 
such^as ALGOL"nd SNO BOL5''courd^be*st udiedT 

c. Programming Languages. If any language other than those included in courses is 

available, a special study programming course may te appropriate. Such a course might 
carry only one credit and it might be best given as a month-long course in schools on the 
U-l-tv system. 

A student interested in Computer Science should be advis€d to follow a mathematics curriculum* 
The Kath^roatics Department should be urged, if necessary, to offer computer oriented courses. These 
could begin with a computer orientotl calculus sequence. Abstract algebra, differential equations, 
linear algebra, logic, numerical analysis, probability and^ statistics could . also utilize the 
computer and would be valuable courses for graduate school preparation. 
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LIIiPARY LIST 



The following list is not €xhauctiv<». !lo att'supt vds Bade to compile a lint of all books on 
any specific topic. Certain areas are dtaittf"! entir'^^ly; namely, programwing lanynage manuals and 
books priaarily oriented towar^^ -use in other disciplines (such as numerical oethcds, conput**rs and 
Busic, and programming for the behavioral sciences) . 

1. ^rden, B. W, An Introduction to Digital Coracutinci. Addison-Wesl ey, 1963 . 

2. Darrodale, !• , Roberts, F. , and Ehle, B. El^raentarx CCff£uter Al£lication[3. John Wiley, 1971, 

3. Barren, D, W. ES£li£§iX§ l^^hhkS^'^^ iS. 2E23£i5LSli!13* American El sevier, 1968. 
^« Barren, D. W. Assemblers and loaders. American Elsevier, 1969. 

5. Beizer,' B. The Architecture and Enaineerin^ of Digital Cca^uter Comolexe*:;!. Plenum Press, 



6. Bell, C. G. and Newell, A. Computer Strtjctures: R^adinss and ExacnEles. McGraw-Hill, 1971. 

7. Bemer, M. (Ed.) CgmgiilSIs and Crisis. ACM, Inc., 1971. 

8. "Benice, D. D. (Ed.) Computer Selections. McGraw-Hill, 1971. 

9. Berztiss, A. T. Data Structures: Thf?ory and Practice. Academic Press, 1971. 

10. Brooks, F. and IV€rson, K. Automatic Siita Processina. John Wiley, 1963. 

11. Clark, F. Information Processing* Prentice-Hall, 1970. 

12. Clark, K. W. Use oi Files. American Elsevier, In press. 

13. Cole, R. W. Introduction Ccm£ujin<i. McGraw-Hill, 1969. 

14. Cuttle, G. and Robinson, P. B. (Eds.) Executive l?rosrams and Operating; systems. American 



15. Davenport, W. P. flodern Drita Communications. Jlaydfcn,- 1C71. 

16. 'Desmcnde, W. Computers and Their Uses. Prentice-Hall, 1971. 

17. Dippel, G. and House, W. C. Information Systems. Scott, Foresman, 1969. 

18. Feigenbaun, E* A. and Feldman, J. (Eds.) Computers and Jhouaht. ncGrav-Hill, 1963. 

19. Flotes, I. sorting. Prentice-Hall, 1969. ^ 

20. Flores, I. Data Structures and Management. Prentice-Hall, 1970. 

21. Forsythe, A. I., Keenan, T. A,, Organick, E. I., and Stenberg^ W. Coroguter Science: A First 
^ course. John Wiley, 1969. " 

22. Foster, J. M. iist Processing.? American Elsevier, 1 967.' ., 

23. Cfaller, B. A. The Language of Computers. McGraw-Hill, 1962. 

24. Galler, B. A. and Perli's ,..,A. J-;- A View of grogramn ing languages. Addison- Wesley , 1970. 

25. Gauthier, R. and Ponto, S. Designing Systems PlograniSv Prentice-Hall, 1970. 
2 6. Gear, C. W. Computer Organ i^ilifili P£2aElS5LiEl3- McGraw-Hill, 19 69. 

27. Gear, C» W. Introduction to Com^ut^r Science. science Research Associates, In press. 

28« Genuys, F. (Ed.) EEograoiraing Languages. Academic Press, 1968. 

29. Gordon, G. System Simulation. frentice^Hall , 1969. 

30. Gries, D. Compiler Construction for Digitai Coraguters. John Wiley, 1971. - 

31. "Gruenbergerr COfputingi An Introduction. Harcourt, Brace and World, 1969. 

32. GruenbergeCr Computing: a Second Course. Canfic-ld Press, 1971, 

33. Gruenbergeri F. and Jaffray, G. EL2^l£SS i2L C2!I12!lti£ Solution.-* John Wiley, 1965. • 



1971. 



Elsevier, 1970. 
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34. Gachwind, H. K. 2551311 2f ^i^ital Cornouters, An Introduction. Spr inger-Vsr lag , 1970. 

35. HatRffling, R. W. Comj)uters and Soci^t^. McGraw-Hill, 1 972. 

36. Harrison, M. C. Data Structures and Progr ajnoinH* Courant Institute of theoa tical Sciences, 

Hew Iforic Un iversity7"T 9707 

37. Hassitt, A. C0B£Utec Proaramain^ and Ccj^uter Systems. Academic Press, 1967* 

38. IJellerman, . H. Piaital Conouter S^StiS Plill£i2lii§* McGraw-Hill, 1S^67. 

39. Higman, B. A Ccm^arative 5tuj[^ of Pro^ramm in^ ISQ.Sli£L3£2* Anerican Elsevier, \967. 
UO. Hopgood, F. R. A. £2!9£iIiQi lf£iiQi3!li5» American Else vier, 1969. 

41. Hull, T. E. and Day, D. D. F. Comouters and Problem Solvina. Addisoi^-Wesley , (Canada) 1970. 

42. Husson, s. MiSI2£i:2aE^!!LSiai- Pllscifil^s and Practice. Prentice-Hall, 1970. 

43. IFIP. File Organization. Selected papers from File 68 • an I.A.G. Conference. Swets and 

Zeitlinger N. V. (Amsterdam) , 1969. 

44. Iliffe, J. K. Basic Machine Princiules. American Elsevisr, 1968. 

4 5. Iverson, K. A Programming Lanaua^e. Jchn Wiley, 1962. 

46. Johnson, L. F* System Structure in Data, Programs and ComE^ters. Prentice-Hall, 1970. 

47. Katzan, Jr., H. Computer Organization and the 5xsten^370. Vou Nostrand Rheinhold, 1971. 

4 8. Knuth, D. The Art . of Coij^uter Pro^ranin] in^, Vol^ _1 Fundainental Algorithms. Addison-Wesley , 
(2i\d Printing) 1969. ~ ' 

4 9. Knuth, d/ The Art of Comjiuter Programming, Vol. 2, Semi numerical Algorithms. Addison-Wesley, 

5 0. Knuth, D. The Art of Computer Progra niming . VqI*. It Sorting and Searching. Addison-Wesley , In 

press. . 

51. Korfhage, P. Logic and Algorithms with Applicat ions to the Coni_£uter and Information Sciences. 

John WileyT 1966. 

52. Laurie, B. J* Modern Comnuting Concepts - The IBM 360 Series. Southwestern, 1970. 

53. lefkcvitz, D. fiil Structures for Qn::Line Sy st ems, John Wiley, 1967. 

54. Martin, J. Resign of Real-Time Comeuter Systems. Prentice-Hall, 1967. 

55. Martin, J. To lecci^m^nica tions and the Cgraouter. Prentice-Hall, 1969. 

56. Hartin, J. and Norman, A • R • t> . " Tho Computerized Socie^ Prentice-Hall, 1970. 

57. Raurer, W. D. Prog^ramtai ng: An Introduction to Computer tanguag€s and Technia^ies. Holden^Day, 

1 968. ~ ™ ' "* 

58. Meadow, c. The Analysis of Information Systems. John Wiley, 1967.- 

59. Minsky, H. Commutation; Hinite and Infinite Ma ch ines. Prentice-Kail, 1967. 

60. Oettinger, A. G. and HarXs, S. Run Corn^u^r Run. Harvard" University Press, 1969* 

61. Parkhill, 0. The Challenge of the Com|)utor (ftilitj;*' Addison-Mesley , 1966. 

62. Rice, J. K. and Pice, j. R. Introduction to Con)2utf^c,' Science: Problems, Algorithms,^ 

Languages, Information § nS'^^Cor3E>u terfi . Holt, Rinehart-'and Winston, 19697 " 

63. Posen, S. (Ed . ) Prggra mming iingiililiS iHi Sx^lSSS* • f'cGraw-lIill/- 1967. 

64. Sammet, J. E. lEcgramming !ii5l2rx and Fundanentals. Prentice-Hall, 1969!. 

65. Sayers, P* (Ed.) QE^ratin^ Systems Surv^X* Auerbach Corp., 1971, :L, ,~ . 

66. Sprague, R. E. InfQLSiliSQ illililies. Prentice-Hall, 1970. 

67. Sterling, T. Di" and Pollack, S. V. Comguting ard:.Comj2U t er Sci^ncf. MacMillan, 1970. 



68. Stimlec, S. R§liiliae Data^ProcGsRina s^^tilES.* McGr aw-Hill, 1969. 

69. Stone, H. S. Introduction 12 Com^uto^ Ql2§!liZSli2Il ^113 Struc^iiESS* NcGraw-Hill, 1972. 

70. Taviss, I. The Comeut^r Irppact. Prc-nticfe-lUll , 1970. 

71. Teague, R. Com£utina Problems for EQPJRAS Solat^oU. Canfield press, 1972. 

72. Trakhtenbrot, B. A. Alaorithms an^ Aii^2£§li^i Coirmutina fiachines. D. C. Heath, 1963. 

73. Viavant, «. (Ed.) Eiiadings in C03i£uter£ and Soci^t^. science Research Associates, In Press, 

7t<. Walk€r, T. Introduction to Com^ut^r Science: An In ter disci£li nar^ A£|)roach. Allyn and Bacon, 
1972* 

75. Walker, T. and cotterman, W. W. An Introduction to Computer Science and Aiaorithinic Processes. 

Allyn and Bacon, 1970. 

76. Watson, R. W. Tiniesharina S^st^ffl Design C2ncegts. McGraw-Hill, 1970. 

77. Wegner^ P. Programming Languages, Information Structures and Jiachine Organization. WcGraw- 

Hill, 19687 

78. Wilkes, M. V. Tine-Sharing Ccmguter Sisteros. American Elsevier, 1968- 

79. In addition to the above list, several collections of articles originally appearir.g in 
"Scientific American" have been published in book form by W. H. Freeman and- Company, 
specifically, they are: 

a) Information. 1966» 

b) Coroputerg and Cotn pu tation. 1971. 

80. Various conference proceedings, journals, bulletins, and the like should also be maintained in 
a litrary collection. The following are of special interest: 

a) Communications of the ACM. (monthly) 

b\ Computing Fevi ews. -~ACMi Inc. (Monthly) 

c) Computing Surveys. ACM, Inc. (Quarterly) 

d) Proceedings, ACM National Conference. (Yearly) 

e) Proceedings, Fall Joint Computer Conference. (Yearly) 

f) Proceedings, Spring Joint computer Conference. (Yearly) 

g) Proceedings, IFIP Conference (Every thr<^e years) 

h) Proco^^-di ngs, IFIP World Conf-srence on Computer Education, 1970. 

i) Proceedings, Computers in Undergraduate Science Education. 

j) STGCSE Bulletin. (Available to members of ACH's Special Interest Group - Computer 

Science Education) . 
k) SICCUS Bulletin. (Available to members of ACM's Special Interest Group - Computer 

Uses in Education) 

1) SIGUCC Bulletin. (Available to members of ACM«s special Interest Group - University 
Computing centers.) 
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